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PREFACE fO INDEX 

At first thought, it might be assumed that no inaex would be required in a work in which the 
sections or articles on the various subjects covered are alphabetically arranged. There are 
several reasons, however, why an index becomes necessary in an encyclopedia of so large a scope 
as the present work. While there are more than twelve hundred different subjects or main 
headings that may be referred to directly by making use of the alphabetical arrangement, there 
are, in addition, many thousands of subjects that have no separate main headings, but upon 
wWch information is givfen in connection with articles on other important phases of machine de- 
sign and construction, shop practice, power plant equipment, electricity, metallurgy, etc. The 
information on these subjects is incorporated in the articles or sections comprised imder some 
general heading, because it could not be given in an independent article without either sacrificing 
the best method of arrangement or necessitating useless repetition; further, many of the treatises 
are so comprehensive, and cover under one main heading so many subsidiary subjects, that it 
would require a considerable amount of time to find the information on any one phase of the 
main subject. The index, therefore, will make it possible to locate quickly the data contained 
on any specific topic, and to^refer rapidly to every important subject in the Encyclopedia. 
It also makes it possible to find, at a glance, all the information on any one subject, contained in 
the Encyclopedia, even when the different phases may be treated in different parts of the work. 

The Encyclopedia has been very completely cross-indexed — that is, the same subject may 
be found by referring in the index to any of the main words that would be likely to be thought 
of in connection with it. The user of the Encyclopedia should be cautioned, however, not to 
assume that a subject is omitted, simply because he does not find it under the first word that may 
enter his mind; should a subject not be found directly upon the first reference to the index, the 
user is advised to look up some other heading in the index, particularly one containing the most 
important word in connection with the topic in which he is interested. 

The method of indexing requires but little explanation, as it is very dear and simple. The 
index of the Encyclopedia is like the index of any other book, in that it refers to the volume 
and the page where the information sought will be found. In order, however, to still further 
facilitate reference to subject matter that may be inconspicuously given in the text, the index 
does not refer only to the page, but also to that part of the page where the reference will be found. 
This is done as follows: The reference, m, 265-2, indicates that the information sought is found 
on page 265 of Volume III; the last figure 2, printed in *' italics," shows that the reference is 
found in the lower left-hand colmnn of that page. The figures i, 2, j, and 4, printed in italic 
type after the page nimiber, each refer to one-fourth of the page; i indicates the upper half of 
the left-hand colmnn; 2, the lower half of the left-hand colmnn; j, the upper half of the right- 
hand colmnn; and 4y the lower half of the right-hand column. The advantage of this simple 
method of arrangement of the index is apparent. 
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Abbreviations, I, i-r 
electrical, V, 529-5 

in technical artides, 1, 127-2 

on drawings, II, 429-1 
Abrasion method, cutting bevel gears, m, 

3SO-4 
Abrasion of belt, belt conve3rors, II, 201-5 
Abrasbn principle of producing gear teeth, 

m, 334-3 
Abrasion, resistance of manganese steel to, 

IV, 324-J 
Abrasive belt surface grinder, III, 443-1 
Abrasive disks, attaching, n, 385-4 
Abrasive paper and cloth, I, 2-1 

cutting, I, S'2 

for polishing, V, 123-5 

grades of, I, 3-5 
AbraBiTds, I, 3-5 

alozite, I, 83-2 

alundum, I, 90-5 

application to polishing wheel, V, 124-4 

carborundum, II, i-i 

classification, m, 471-5 

crystobn, II, 274-2 

emery, IQ, 56-2 

"flour," grades of, I, 5-5 

for buffing, V, 125-2 

for disk grinding, II, 384-2 

for polishing, V, 125-2 

for sand-bla^ V, 309-r 

for valve grinding, VI, 383-2 

for woodworking (Garnet), I, 5-j 

grading, I, 5-2 

grading diamond dust, IV, 164-2 

gram of, I, 5-5 

lapping, rV, Z67-2 

lapping, grading, IV, 162-j 

lapping, jig bushings, IV, 99-4 

lapping, tests on, IV, 166-2 

screening, I, 5-2 
Abrasive-wheel cutting-off machine, II, 

294-1 
Abrasive wheels (grinding wheels), III, 
471-2 

exhaust systems for, m, 75-r 

safeguarding, I, 10-4 
Absdssa, I, 5-4 
Absolute pressure, V, 164-4 
Absolute system of measurement, I, 6-7 
Absolute temperature. III, 541-5 
Absolute units, I, 6-2 
Absolute vacuum, line of, VI, 4-5 
Absolute velocity, VI, 436-5 
Absolute zero, III, 541-5 
Absorptiometer, I, 6-5 
Absorption dynamometers (Prony brake), 

n, 5 13-4 

Absorption of acetylene by acetone, 1, 18-5 
Absorption of gases, I, 6-5; ni, 307-2 
Absorption pyrometer, F6ry, V, 218-/ 
Aqi, Act, Aci points, IV, 78-4 
Acalorin, J, 6-4 



Accelerated motion, IV, 433-1 

definition, IV, 432-1 

rotary, IV, 433-3 
Accelerated motion cam, I, 53x-i 

laying out, I, 539-4 
Accelerating countershaft, II, 228-2 
Accelerating cutting speed planer, V, 106-2 
Acceleration, I, 7-1; IV, 333-/ 

due to gravity, m, loi-i 

due to gravity (at Paris), 1, 6-2 

due to gravity, symbol, V, 529-4 

of crane motors, IV, 434-4 
Accelerator for gasoline engines, m, 286-4 
Acddent preTentioii, I, 7-1 

belting, I, ii-i 

cranes, I, 11-5 

electric drives, I, xi-i 

electric shock, I, 12-j 

elevators, I, xi-4 

eye protection, IQ, 90-5 

fire risks, I, 12-4 

grinding wheel dressers, V, 306-j 

grinding wheels, 1, 10-4; V, 304-7; 305-7 

hoists, I, 11-5 

influence on machine design, I, 9-7 

xnterkxJdng safety devices, I, 9-5 

in usmg acetylene generators, I, 22-2 

power press, V, 306-7 

pulleys, I, 1 1-2 

railings, I, 10-5 

revolving machine parts, I, 10-4 

safeguards, I, 8-4; 10-5 

safeguards for machine tools, V, 301-7 

shaft oiling and shaft guards, I, 10-2 

shop arrangement, I, 9-4 

stairs, I, zo-5 

swinging doors, I, 10-5 
Accidents, I, 7-7 

causes of, I, 7-5 

effect of lighting, I, 8-5 

electrical, 1, 12-7 

electric shock, III, 26-5 

in U. S., number of industrial, I, 7-2 

with lifting jacks, IV, 91-4 
Accumulator, electric, I, 13-7 

storage battery, I, 253-4 
Accumulator, hydraulic, I, 13-5 

design, I, 15-7 

direct type, 1, 14-7 

foundation, I, 18-5 

hydro-pneumatic, 1, 15-7 

intensifier, I, 14-5 

inverted type, I, 14-5 

ring-weights, I, 14-2 

weight-case, I, 14-2 
Acetic add, effect on lead, IV, 194-7 

in boiler feed water, I, 396-4 

specific gravity, V, 398-4 

specific heat, V, 401-2 
Acetone, I, 18-5 
Acetylene, I, 18-4 

absorption by acetone, I, 18-4 



Acetylene, discovery, 1, 19-2 
explosive compounds with copper salts, 

V. 480^5 
flame, casehardening by, VI, 482-4 

flame, local hardening by, VI, 482-4 

for autogenous wdding, VI, 474-4 

for lead burning, IV, 197-4 

for metal cutting, VI, 482-7 

generators, 1, 19-2 

generators, British type, I, 21-5 

generatora, capadties, I, 21-2 

generators, classification, I, 19-4; 20-5 

generators, high-pressure, I, 20-5 

generators, low-pressure, I, 21-2 

generators. Navy type, I, 21-2 

generatc»8, portable, I, 21-2 

generators, safety requirements, I, 22-2 

impurities in, I, 22-4 

purifying, I, 20-2 

sspedfic gravity, I, 18-4 

wekling, VI, 472-2 
Acheson process, I, 23-7 
Add, I, 23-4 

acetic, specific gravity, V, 398-4 

acetic, ^)edfic heat, V, 401-2 

aqua regia, I, 24-2 

boiling point, I, 448-4 

carbolic, specific gravity, V, 398-4 

carbonic, specific heat, V, 40Z-2 

chromic, etching reagent, IV, 354-2 

dtric, for aoklering, V, 392-7 

dips for deaning work, II, 164-5 

effect on aluminum, I, 84-7 

effect on concrete, II, 173-4 

effect on copper, II, 204-5 

effect on lead, IV, 194-7 

etching. III, 70-4 

etching, for graduating. III, 423-2 

fixing bath, V, 18-7 

fluoric, specific gravity, V, 398-4 

for deaning brass castings, V, 21-7 

lordrochloric, I, 23-4 

hydrochbric, etching reagent, IV, 354-5 

hydrochloric, etching reagent for steel, 
IV, 355-^ 

hydrochloric, specific gravity, V, 399-2 

hydrofluoric, I, 24-2 

hydrofluoric, etching reagent, IV, 354-4 

hydrofluoric, injuries from, V, 20-5 

hydrofluoric, pickling bath, V, 20-7 

hydrofluoric, receptades for, V, 20-5 

hydrofluoric, spedfic gravity, V, 399-2 

in boiler feed water, I, 396-4 

in lubricants, IV, 247-2 

lactic, for soldering, V, 392-7 

muriatic, I, 23-4 

muriatic, spedfic gravity, V, 398-4 

nitric, I, 24-7 

nitric, effect on anc, VI, 563-5 

nitric, etching reagent, IV, 354-4 

nitric, etching reagent for sted, IV, 355-j 

nitric, for polishing dip, V, 127-7 
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Add, nitric, specific gnvity, V, 398-4 
nitric, test for lubricants, IV, 247-J 
mtroralphnric, IV, 247-3 
nomenclature of, in chemistiy, n, 97-2 
oQ of vitriol, I, 24-2 
permanganic, spontaneous combustion, 

V.4S0-J 
plioq>horic, specific gravity, V, 398-4 
picric, etching reagent, IV, 355-4 
polishing dip, V, 126-4 
recovering copper from, V, 21-2 
removing from boiler feed water, I» 

405-1 
sulphuric, I, 24-2 

sulphuric, effect on zmc, VI, 563-j 
sulphuric, for lead batteries, I, 255-7 
sulphuric, for polishing dip, V, 127-j 
sulphuric, in lubricants, IV, 247-j 
sulphuric, pickling bath, V, 19-4 
sulphuric, pickling bath, wire drawing, VI, 

514-^ 
sulphuric, receptacles for, V, 20-r 
sulphuric, specific gravity, V, 398-4 
sulphuric, specific heat, V, 40Z-4 

Add Bessemer process, 1, 351-2 

Acidity of lubricants, IV, 247-2 

Add open-hearth process, IV, 81-1; 506-j; 

S07-4 
Add process of tinning, VI, 289-2 
Add-proof alloy (dianite), m, 49-4 
Add-proof cements, n, 37-1; IV, 504-j 
Add-proof lining for tanks, I, 23-4 
Add-redstiiig materials, I, 23-2 

aluminum alIo3rs, I, 72-j 

castings, composition, II, 280-2 

for graduating, m, 423-2 

illium, IV, 45-4 

nichrome, IV, 489-3 

nickd alloy, I, 68-4 

stcd, V, 523-4 
Add tests, for boQer feed water, 1, 399-4 

of lubricants, IV, 247-5 
Aderage (iron ]^ting)f m, 45-/ 
Acme thread, VI, 276-j 

cutting, VI, 239-j 

tops, I, 24-j 

tools, dearance of, VI, 286-r 

tools, gage for, VI, 283-3; 285-3 

tools, gage for grinding, VI, 239-1 

wire system for measuring, VI, 252-3 
Acre, VI, 464-r 

in metric units, VI, 465-3 
Action, arc of, in gearing, V, 519-2 
Action, line of, in gearing, V, 519-r 
Action slide, rifle, profiling, V, 174-4 
Active Gomponeiit, definition, V, 529-2 
Acute angle, IV, 336-4 
Acute-angle bevd gearing, I, 352-4 

formulas, I, 356-2 

sample calculation, I, 357-3 
Acute-angled triangle, IV, 337-4 

fbnnulas-for, IV, 338-1 
Acute triangle, IV, 337-4 
Acyclic machines, I, 26-3 

definition, V, 532-1 
Adamantine boron, I, 479-3 
Adamite, I, 4-4 
Addendnm, I, 26-3; m, 321-3 

angle, bevd gear, I, 353-3 

angular, bevd gear, I, 353-3 

bevel gear, I, 353-2 

bevel gears with long, I, 366-2 

corrected, I, 26-4; m, 321-3 

gear-cutters, m, 321-3 

metric gears, V, 507- j 

spiral bevel gear, V, 474-3 

qHir gearing, definition, V, 502-1 

spur gearing, formula, V, 505-r 

qHir gearing, table, V, 504-'; 505-3 

spur gears with long, I, 366-3 
A d d iti o n, in algebra, 1, 62-3; 64-3 



Addition method of solving equations, HE, 

68-4 
Adhesion, IV, 332-1 

definition, IT, 93-2 

of Johansson gages. III, 272-3 
Adiabatic compreaaion, I, 32-3 

definition, I, 30-r 

formulas, I, 30-2 

horsepower required, I, 31-/; 44-3 

toble, I, 42-3 
Adit, I, 27-j 

Adjustable die, split, 11, 380-2 
Adjustoble radiation pyrometer, V, 225-4 
Adjustable reamers, lU, 506-2 

designating size, IV, 286-r 

holder, V, 240-j 

shdl, V, 363-3 
Adjustoble-speed motors, V, 532-2 

for planers, V, 101-2 
Adjustoble tops, VI, 219-4 

inserted-blade type, VI, 220-3 

with cast-iron body, VI, 222-r 
Adjustoble top wrenches, designating size, 

IV, 286-2 
Adjusting collars for spring-screw dies, II, 

I2Z-4 

Adjusting screws, location of, in dies, n, 

380-4 
Adjusting strips (gibs), IH, 412-4 
Admiralty metal, I, 27-1; in, 488-3 

U. S. Navy, I, 68-r 
Admissbn, in engines, VI, 392-4 
Admittance, magnetic, symbol, V, 529-3 
Adulteranto for lubricants, IV, 244-2 
Advance, angle of, in engines, VI, 7-4; 387-4 

definition, VI, 379-J 
Advance, angular, of eccentric, VI, 7-3 
Advancer, phase, V, 10-3; 531-4 
Aerometer, I, 27-j 
Aeroplane cord, I, 27-3 
Aeroplane strand, I, 27-2 
Aeroplanes, vanadium sted for, VI, 418^2 
Affected quadratic equations. III, 70-1 
Affinity, diemical, 11, 93-2 
Aftercooler for air compressors, I, 41-4; 

42-2 
Agdng, IV, 45-2 
Ageing magnets, IV, 305-2 
Agg^meration of iron ore, IV, 86-3 
Agometer, I, 27-3 
Agricultural implements, manganese steel 

for, IV, 3S4-4 

Aich metal, I, 27-3 

A. I. E. E. standardization rules, V, 528-2 

Air, I, 27-4 
and gas, mixing valves for, m, 289-3 
circulation in electric substotions, V, 148-4 
compressed, I, 30-1 
compressed, applications of, I, 43-j 
compressed, ejecting press work with, V, 

161-J 
compressed, for pumpmg, V, 2x1-2 
compressed, in deq>-hole drilling, II, 

453-1 
compressed, in die-casting machines, II, 

3x7-4 
compressed, leakage of, I, 42-4 
compressed, moisture in, I, 41-3 
compressed, recovers for, I, 58-3 
compressed, reduced to free air, I, 43-3 
compressed, removing oil vapor from, I, 

42-2 
consumption, pneumatic drills, V, 121-2 
consumption, pneumatic hammers, V, 

123-1 
deflection in intercoolers, IV, 69-2 
effect of, in gas producers, III, 3i5-j 
flow of, effect of fittings, I, 29-2 
flow of, in pipes, I, 28-2 
flow of, in pipes, effect of bends, I, 28-4 
flow of, in pipes, loss of pressure, 1, 29-4 



Air, for atomizing ofl fud, m, 231-3 
for compressors, filtering, I, 42-3 
for cupolas, n, 278-4; IQ, 21 1-2 
for furnaces. III, 229-3 
for sand-blast, power required to suppfy, 

V, 3"-i 
for turbo-altemators, V, 137-3 
"free," I, 32-3 

heating for gasoline engmes, m, 287-3 
in Moore tube, IV, 430-4 
liquid, for producing oxygen, IV, 509-3 
power required to move, m, 104-1 
preheating for oil furnace. III, 259-2 
pressure, for air-lift pumping, V, 21 1-3 
pressure, for blast furnaces, I, 384-4 
pressure, for converters, I, 384-4 
pressure, for cupolas, I, 384-4; 11, 279-1 
pressure, for diiSerent services, I, 31-3; 

385-1 
pressure, for forges, 1, 384-3; HI, 179-3 
pressure, for mechanical draft, I, 384-2 
pressure, for sand-blast, V, 309-3 
pressure, for ventilation, in, 107-r 
properties, I, 27-4 
relation between pressure, temperature, 

and volume, I, 30-r 
relation between volume, pressure, and 

power, m, 104-3 
required for combustion, n, 170-3 
required for sand-blast nozdes, V, 309-3 
resistance in flynriieels, HI, 172-2 
specific gravity, V, 399-2 
q)ecific heat, I, 28-2; V, 401-2 
transmitted through pqies, volume of, I, 

28-4 
vdodty m pipes, instrument for measur- 
ing I. 93-4 
velodty of dry, JH, 103-2 
vdodty of, under low pressures, I, 29-3 
volume and weight, I, 27-4; 28-1 
volume of one pound, VI, 464-4 
weight of cubic foot, VI, 464-4 

Air-balanced pneumatic hoist, IV, 29-r 

Air-blast, ejecting press work with, V, i6i-r 

Air-bUst for forge, VI, 469-3 

Air-blast pipmg, furnace, m, 237-4 

Air-blast transformer, VI, 307-2 

Air-break awitchea, VI, 155-2 
ammeter testing, VI, 264-3 
arc plug type, VI, 163-2 
brush, VI, 160-3 
charging plug type, VI, 165-1 
control, VI, z6i-2 
definition, VI, 155-2 
disconnecting, VI, 159-r 
fidd. VI, 157-2 

instrument reversing, VI, 165-4 
lever type, VI, 155-2 
lever typt, care and adjustment, VI, 159-4 
lever type, plain, VI, 155-4 
lever type, quick-br^, VI, 157-j 
pivot type, VI, 156-4 
plug type, VI, 162-2 
plug type, attaching, VI, 165-2 
rheostot, VI, 165-2 
rotary, VI, 165-2 
starting, VI, 158-1 
transfer, VI, 165-4 
transfer plug type, VI, 164-3 
voltmeter, VI, 165-3 

Air-brush method of japanning, IV, 94-4 

Air-chamber for pumps, V, 189-4 

Air compreasioii (see also Air compressors), 
I, 30-X 
adiabatic, I, 32-3 
adiabatic, tables, I, 42-r; 42-3 
advantages of multi-stage, I, 45-4 
effect of altitude, I, 45-4 
effect of initial temperature, I, 45-2 
horsepower required, I, 31-2 
hitercooling, IV, 69-3 
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Air miTiiirwHiiifini inthcniial, I, $2-3 

laothermal, tables, I, 42-j; 42-$ 

multi-stage or compound, I, 33-2 

removing heat of, I, 33-j 

"wet," I, 33-4 
Air compressors, 1, 31 -j 

actual horsepower, I, 44-3 

adiabatic compressbn, I, $2-3 

aftercoolers, I, 41-4; 42-2 

angle type, I, 37-2 

compound compression, I, 33-2 

computation for design, I, 43-2 

cooling water required, I, 47-1 

cylinder, cleaning, I, 42-2 

cylinder, dimenaons, I, 46-j 

cylinder, lubrication, IV, 350-4 

drives for, I, 38-2 

duplex, I, 36-4 

effect of altitude, I, 45-4 

effect of clearance, I, 44-4 

effect of compression on temperature, I, 

31-4 

efficiency, I, 45-1 

explosions, I, 46-4 

filtering air for, I, 43-j 

for Diesel engines, II, 376-2 

for oil burners, III, 527-1 

frictional loss, I, 43-1 

horsepower required, I, 43-j; 44-1; 4S-J 

intercoolers, I, 41 -j; IV, 68-2 

isothermal compression, I, 32-j 

lubrication, I, 41-4 

motor drive, IV, 434-1 

multi-stage, I, 33-2 

multi-stage, advantages of, I, 45-4 

port openings, I, 46-j 

inressure regulators, I, 40-4 

pressures for different services, I, 31-5 

rating, I, 45-j 

receivers, I, 58-j 1 

reciprocating, I, 34-2 

removing heat by compression, 1, 33-5 

speeds, 1, 45-4 

steam-driven, I, 36-1 

storage tanks, I, 59-2 

straight line, I, 34-5 

testing, I, 47-1 

testing, displacement method, I, 47-1 

testing, modified orifice method, I, 49-r 

testing, orifice method, I, 48-2 

testing, Venturi meter method, I, 50-4 

theoretical horsepower, I, 43-4 

three-stage, 1, 37-j 

turbo, I, 389-3 

types, I, 33-4 

valves, I, 38-j 

valves, plate, I, 39-4 

work diagram, I, 31-j 
Air-cooled systems for engines, m, 299-2 
Air damping, electric instruments, HE, 14-5 
Air drills, V, 120-5 
Air engines, I, 51-5 

Air furnace, inalleable castings, IV, 307-2 
Air gap, magnetic chuck, IV, 291-x 
Air hammers, V, 121-4 
Air-hardening sted, IV, 485-2 

definition, VI, 62-4 

for drop-forgings, n, 478-2 
Air-lift pumping, V, 21 1-2 
Air manometer, IV, 326-2 
Air-motor hoists, IV, 28-2 
Air-operated chucks, n, 113-2 
Air-operated circuit-breakers, n, 120-3 
Air-operated clutches, n, 143-4 
Air-operated countershafts, II, 228-4 
Air-operated oO switches, VI, 175-2 
Air-piping, for drop-forging i^ants, 11, 483-4 

for sand-blast, V, 310-4 
Air pockets in dies, n, 410-2 
Air pomps, I, 53-2 

barometric condenser, n, 177-4 



Air pumps, centrifugal, I, 56-4 

combined air and circulating, I, 54-j 

design, I, 52-3 

dry-air, I, 52-2 

dry-ah-, engine-type, I, 55-4 

for condensers, n, 178^-4 

hydraulic, I, 58-j 

jet condenser, I, 55-2 

turbo, I, 56-4 

used with barometric condenser, n, 177-3 

wet-air, I, 52-2 
Air receivers, I, 58-3 

Air space, heat insulating value, HI, 543-4 
Air storage tanks, I, 59-2 
Air tank, compressed, for starting Diesd 

engine, n, 376-3 
Air valves for blowing engines, I, 392-1 
Ajax metal, I, 60-2 

composition, I, 298-2 
Ajax plastic bronze, I, 60-2 

composition, I, 298-2 
Akerlimd gas producer, HE, 313-4 
A. L. A. M. screws and nuts, V, 338-r 
A. L. A. M. screw thread, VI, 370-4 
Albion metal, I, 60-2 
Albumen, bichromated, preparing, HE, 

71-4 
Alcohol, boiling point, I, 448-4 

for lapping, IV, 167-1 

gaseous, specific heat, V, 401-2 

latent heat, IV, 169-r 

mixtures for laying out work, IV, 190-2 

specific gravity, V, 398-4 

specific heat, V, 401-3 

vaporizers for. III, 387-4 

vapor, specific gravity, V, 399-2 

wood, for cleaning drawings, IV, 125-3 

wood, how obtained, II, 81-3 

wood, in antifreeadng mixture, HI, 399-4 
Aldebaranium, VI, 563-1 
Alden brake, I, 60-3 
Algebra, I, 60-3 

addition, I, 63-3 

arithmetical progression, 1, 134-4 

coefficient, I, 60-4 

division, I, 63-2 

equations, m, 67-3 

exponents, I, 6i-r 

factoring, I, 63-4 

formulas, in, 301-4 

fractions, I, 64-2 

geometrical progression, HE, 406^4 

imaginary quantities, I, 65-2 

irrational quantity, I, 61-3; 65-1 

multiplication, I, 63-4 

order of operaticHis, I, 61-3 

positive and negative quantities, I, 61-4 

powers, I, 61-J 

principal expressions and formulas, I, 
65-j 

radical, I, 61-3 

roots, I, 6x-2,* 64-4 

signs, I, 60.4; V, 365-5 

subtraction, I, 63-3 

surds, I, 65-r 

symbols used in, VI, 178-3 

use of parentheses, I, 63-2 
Algebraic signs, V, 365-3 
Aligning operations, appliances for, I, 

144-J 
cotrntershaft, V, 337-2 
cross-head guides, IV, 333-2 
frames and cylinders of locomotives, I, 

147-4 
gages for, 1, 145-r 
in assembling, 1, 145-2 
in lathe assembUng, 1, 137-r 
lathe centers, IV, 183-4 
shafting, V, 336-1 
shafting, attachments, V, 339-1 
shafting, equipment, V, 336-^3 



Aligning operations, shafting, level method, 
V, 336-2 
shafting, levels, special, V, 337-1 
shafting, transit method, V, 337-3 
vertical boring mill parts, I, 145-2 
Alignment of planer cross-rail, V, 108-4 
Alignment of shafts for rope drive, V, 395-j 
Alkali carbonates, in boiler feed water, I, 

397-r 
Alkaline storage batteries, I, 360-1 

containers for, I, 360-3 

discharge, I, 361-3 

Edison, I, 360-j 

electrodes of, I, 360-1 

electrolyte for, I, 260-2 

Hubbell,^ I, 260-1 

initial charge, I, 260-4 

installation of, I, 260-3 

rating of, I, 260-4 

regular charge, I, 261-r 
Allhoff & Mmier music wire gage, VI, 509-3 
Alligation, I, 65-3 
Alligator effect on drawn sheet metal, II, 

419-4 
Alligator shears, V, 354-3 
Alligator wrench, VI, 554-2 
Allis-Chalmers steam turbine, VI, 51-4 
Allotropic oxygen, IV, 513-1 
Allowable load, worm gearing, VI, 545-2 
Allowable stress in shafts, V, 332-2 
Allowance, IE, 131-2; m, 144-3 

cylinder grinding, II, 398-2 

cUsk grinding, II, 385-1 

driving fit, in, 145-J 

driving fit, of jig bushings, IV, loz-i 

drop-forging dies, IE, 486-2 

forced fits, m, 145-2; 145-4 

grinding, m, 449-2 

grinding and lapping bushings, IV, 99-r 

grinding, mtemal, m, 459-j 

machine fits, m, 144-2 

patterns, for finish, IV, 539-4 

patterns, shrinkage, IV, 540-1 

piston, V, 79-j 

plug and ring gages, m, 371-1 

pressed fits, m, 145-^; i47-3 

pressed fits, record of 304 different, m, 
148-J 

push fits, m, 144-3; 146-2 

running fits, m, 144-3; 146-2 

shrinkage fits. III, 148-4; 149-4 

shrinkage fits, temperatures for, m, 

153-^ 
shrinkage, manganese steel, IV, 333-3 
Alloy, I, 66-1 
"8&-ia-3," in, 488-3 
acid-proof (elianite), HE, 49-4 
add-resisting, I, 33-2; 68-4 
Admiralty metal, I, 37-j 
Aich metal, I, 37-3 
Ajax metal and bronze, I, 60-2 
aluminum, I, 72-r 
aluminum-copper, I, 73-3 
aluminum, duralumin, II, 513-2 
aluminum-zinc, I, 73-4 
annealing, heating bath for, m, 350-a 
antifriction bearing, 1, 103-2 
antimony, I, 103-4; 397-1 
Ashberry metal, I, 138-r 
babbitt, I, 198-r 
Baily's metal, I, 304-^4 
Baumgartd metal, I, 364-J 
bearing, I, 70-1; 71-3; 396-/ 
beU metal, I, 318-2 
bismuth, I, 373-1 
Britannia metal, I, 506-2 
brittleness of, I, 66-4 
calculating price of mixture, I, 6s-J 
Chinese, II, 103-3 
classification, I, 66-2 
coarse structure, I, 66-4 
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Alloy, coleco metal, 11, 160-7 
commercial, I, 70-/ 
composition and strength, I, 67-2; VI, 

99-1 
constantan, n, 185-2 

copper, I, 72-/ 

copper-aluminum, I, 70-2; n, 207-2 

copper-aluminum, for spinning toob, V» 

457-4 
copper-arsenic, I, 377-1 

copper, melting points, n, 207-2 

copper-tin, I, 70-4 

copper-tin-lead, I, 71-4 

oopper-tin-lead-dnc, I, 71-1 

copper-tin-zinc, I, 70-4; VI, 99-j 

copper-zinc-aluminum, I, 70-j 

corrosion-resisting; IV, 76-4 

cupro-nickel, n, 283-1 

ddects in, I, 66-2 

defects in thermal treatment of, I, 67-1 

Delta metal, n, 304-4 

die casting, n, 338-4 

die casting, melting furnace for, III, 224-4 

effect of manganese on, IV, 318-j 

ekctrically-welded, table of, VI, 492-1 

electrolytic etching of, IV, 356-j 

epicassit, lU, 63-j 

erosion, 1, 67-2 

etching reagents for, IV, 3S3-J 

ferromanganese, m, 109-j 

ferrous, definition, I, 66-2 

for brass foundries, I, 494-1 

for calking strips, I, 68-i 

for copper hammers, n, 207-1 

for fusible plugs for boilers, 1, 372-2 

for nameplates, I, 69-2 

for pattern letters, I, 372-1 

for soldering irons, n, 207-/ 

for standards of length, I, 204-4; V, 

541-4 
for tempering baths, m, 518-j 

for thrust ring, I, 68-4 

for turbine parts, I, 68-2 

for typewriter levers, I, 69-z 

fusible, m, 268-2; V, 388-2 

fusible, melting points, V, 388-1 

German silver. III, 412-r 

gun-metal, III, 488-j 

Guriey's bronze, m, 489-j 

Hoyle's metal, IV, 33-4 

mium, IV, 45-4 

iridio-platinum, IV, 77-4 

iridosmium, IV, 78-2 

Jacoby metal, IV, 94-2 

Japanese, IV, 94-2 

Karmarsch metal, IV, 144-1 

latten, IV, 188-j 

lead-sodium, IV, 194-1 

lead-tin-antimony, I, 71-j 

lead-tin, melting temperatures, V, 387-j 

light weight, I, 74-2 

linotype metal, IV, 21 1-2 

Mackenzie, IV, 287-7 

magnaliiim, IV, 287-2 

magnesium, I, 74-4 

magnolia metal, IV, 306-/ 

manganese, IV, 318-2 

manganese, spiegeleisen, V, 453-1 

manganin, IV, 325-7 

Mannheim gold, IV, 326-j 

mercury, I, 91-2 

minofor metal, IV, 410-2 

Mond metal, IV, 429-4 

Muntz metal, IV, 485-^ 

nichrome, IV, 489-j 

nickel, IV, 77-2; 497^ 

non-ferrous, I, 66-2 

pewter, V, 10-2 

plastic bronze, V, 1x9-2 

platinite, V, 1x9-5 

platinoid, V, xx9-j 



AUqy, Queen's metal, V, 227-2 
resembling silver. III, 4x2-4 
Shonberg's, II, 339-5 
shrinkage cracks in, I, 67-2 
siUcon-bronze, V, 366-7 
sflver-white, I, 69-j 
solder, V, 386-4 
sponginess of, I, 66-5 
steam metal, VI, 36-j 
stellite, VI, 73-2 
sterro metal, VI, 74-j 
therlo, VI, 232-j 
tin-antimony-copper, I, 70-7 
Tobin bronze, VI, 292-4 
typemetal, I, 71-4; VI, 374-^ 
used for extrusion, m, 89-5 
U. S. Navy specifications, I, 67-j 
white metal, I, 68-7; VI, 504- j 
with low melting point, I, 372-7; IV, 

336-1 
with small expansion due to heat, IV, 

76-4 

zmc, castings, VI, 567-J 

zinc-copper, melting point, I, 503-j 

zinc, electroplating, m, 48-7 

zisium, VI, 568-4 

ziskon, VI, 568-4 
Alloy cast iron, definition, IV, 82-7 
Alloy steel, I, 75-7 

casehardening, I, 82-4; II, x2-j 

chrome-tungsten, I, 76-7 

chrome-vanaditmi, I, 76-7; 82-2 

chromium, I, 75-2; II, xo8-j 

chromium, stainless, V, 523-4 

cobalt, n, 146-4 

composition, I, 78-7 

containing copper, I, 76-2 

definition, VI, 62-4 

for casehardening, II, 3-j 

for hacksaw-blades, III, 491-7 

for taps, VI, 2x4-4 

Hadfidd's, m, 496-7 

heat-treatment, I, 76-j; 81-7 

manganese, IV, 320-j 

molybdenum, IV, 429-2 

natural alloy, I, 76-7; IV, 493-2 

nickd, IV, 49S-J 

nickd, casehardening, I, 77-5 

nickd-chromium, IV, 490-4 

nickd-chromium, casehardening, I, 77-4 

strength, I, 78-7; VI, 99-7 

titanium, VI, 290-4 

tungsten, IV, x-7 

vanadium, VI, 4x6-4 

vanadium, elastic limit, V, 494-7 

vanadium, heat-treatment, I, 82-4 

wear of, I, 76-2 

wdding, m, x88-2 

wheels for grinding, m, 469-2; 470-7 

work speed for grinding, ni, 469-2; 470-7 
Almandite, I, 5-2 
Alowalt, I, 4-4 
Aloxite, I, 83-2 

wheds, speed, HI, 468-7 
Alpha ferrite, IV, 79-2 
Alpha hardness testing machine, III, 534-2 
Alpha iron, IV, 78-4 
Alpha rays, V, 231-2 
Alternating current, n, 536-2 

alternation, II, 536-j 

ammeters for switchboards, VI, X47-7 

boosters, IV, 457-4 

calculations, II, 541-5; 543-4 

capadtance, n, 539-J 

changing into direct, rectifiers, V, 248-7 

drcuits, n, 54X-2 

circuits, delta-connected, n, 543-j 

circuits, oil switches, VI, 168-4 

drcuits, paralld, II, 542-2 

•circuits, power, definition, V, 529-2 

circuits, secondary relays, V, 253-7 



AHemating current, circuits, single-phaae, 

n, 542-i 
circuits, star-connected, n, 543-7 
circuits, three-phase, II, 543-7 
drcuits, two-phase, n, 542-4 
condenser, H, 540-7 
condenser, synchronous, n, 54X-J 
condensive reactance, II, 540-4 
curve-drawing instruments, VI, 147-4 
cyde, n, 536-5 
definition, V, 528-5 
effective current, 11, 538-7 
frequency, n, 536-5 
generators (see also "Alternating-current 

generator"), m, 388-4 
harmonic in, JH, 540-4 
impedance, II, 538-2 
inductance, n, 538-7 
inductance, mutual, n, 539-7 
induction, BE, 536-5 
inductive capadty, specific, II, 540-2 
inductive reactance, II, 538-2 
instruments for switchboards, table, VI, 

149-1 
lagging current, n, 537-5 
leading current, n, 540-2 
machinecy, classification, m, 4-2 
motors (see also "Alternating-current 

motors"), IV, 462-5 
period, n, 536-5 
phase, n, 536-5; 537-4; V, xo-2 
potential drop due to resistance, II, 537-5 
power, n, 538-5 
power factor, II, 538-4 
power-factor correction, 11, 542-2 
reactance, condensive, n, 540-4 
reactance, inductive, II, 538^2 
self-induction, n, 536-4 
sine wave, n, 536-2 

switchboard protection, table, VI, X5x-i 
synchronous condeniser, n, 54X-5 
to prevent dectrolysis. III, 3X-4 
transformation, n, 539-2 
transformer, VI, 305-5 
uses, VI, 305-5 
vector diagram, 11, 537-4 
voltage, effective, II, 538-7 
vdtage, induced, II, 537-7 
voltmeters for switchboards, VI, 147-5 
Alteniating-ctirrentgenerator8,in, 388-4 
armature. III, 391-4 
armature reactance, III, 397-4 
armature reaction, HI, 397-5 
armatmre winding. III, 392-2 
classification, V, 532-7 
cross-currents. III, 393-4 
definition, II, 532-2 
effidency, III, 396-2; VI, 59-5 
effidency, standardization riiles, V, 534-5 
excessive cross-currents, m, 6-7 
excessive heating of armature coils, m, 

5-1 
excessive heating of armature iron. III, 

S-i 
excessive heating of fidd coils, III, 4-4 

exdtation. III, 393-3 
exdter troubles. III, 5-5 
failure to generate, in, 4-5 
fidd windings, m, 393-7 
frames, HE, 391-7 
frequency, HI, 395-' 
general prindples, m, 389-7 
grounding, HI, 395-7 
groimding of one phase, m, 5-7 
instrument scale for, VI, 146-5 
losses, in, 396-5; V, 535-2 
open-circuited armature winding, III, 4-5 
open-circuited field winding, III, 4-5 
open-drcuit in one phase. III, 5-7 
operating in paralld, HI, 393-4 
operation. III, 4-5; 393-J 
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Alteraating-cuirent generators, operation 
above rated voltage, III, 4-4 

operation below normal speed, m, 4-4 

overheating of collector rings, m, 5-2 

overloaded generator. III, 4-4 

parallel operation, bad. III, $-4 

phasing out, m, 395-j 

poles, number of, m, 393-2 

polyphase, m, 390-2 

power factor, low, m, 4-4; 5-2 

quarter-phase, m, 390-2 

rating, HI, 39S-j; V, 533-4 

regulation. III, 39^4 

regulation, rules, V, 537-1 

relays for, V, 256-4 

resonance, m, 5-4 

reversal of indiividual field coils, m, 4-4 

revolving field. III, 392-4 

short-circuit current, m, 396-4 

short-circuited field coils. III, 4-j 

short circuit in armature coils. III, 5-2 

short circuit in field winding, m, 4-4 

single-phase. III, 390-2 

speed, m, 395-2 

switchboard control, VI, 15 1-2 

synchronizing. III, 394-J 

temperature rise. III, 395-j 

three-phase, HI, 390- j 

two-phase. III, 390-2 

types, m, 390-x 

ventilation, in, 391-5 

voltage, m, 395-2 

voltage regulation, poor, m, 5-2 
AltoniAtiiic-ciirreiit motors, IV, 462-5 

amperes and horsepower, IV, 468-2 

cascade operation, IV, 469-5 

classification, II, 190-4 

commutating, IV, 472-4 

commutating, operation, IV, 473-4 

commutating, polsrphase, IV, 474-r 

commutating, principles, IV, 473-1 

controllers used for, II, 190-4 

efficiency, VI, 146-5 

for planers, V, ioz-2 

frequency changes, IV, 468-2 

induction, IV, 462-5 

induction, care, IV, 471-r 

induction, efficiency, IV, 467-4 

induction, energy losses, FV, 467-5 

induction, multi-speed, IV, 470-j 

induction, operation, IV, 471-1 

induction, phase-wound rotor, IV, 467-7 

induction, power factor, IV, 467-4 

induction, slip, IV, 466-2 

induction, theory, IV, 463-2 

induction, torque, IV, 465-5 

induction, wiring diagrams, IV, 470-5 

instrument scale, VI, 146-5 

losses, V, 535-2 

operation, m, 7-2 

power factor, VI, 146-5 

repulsion-induction, IV, 474-J 

speed control, IV, 469-r 

speed regulation, n, 187-4 

switchboard control, VI, 151-5 

synchronous, IV, 471-2 

synchronous, hunting, IV, 472-2 

synchronous, power factor, IV, 472-5 

synchronous, principles, IV, 471-5 

voltage changes, IV, 468-2 
Altematiiig-ciirront riiUyt, V, 249-5 

application, V, 256-4 

classification, V, 249-5 

for generators, V, 256-4 

for separate feeders, V, 257-1 

for substations, V, 257-4 

for tie lines, in parallel, V, 257-5 

for tie lines, single, V, 257-2 

inverse time-limit, V, 253-5 

inverse time-limit. Instrument type, V, 
253-5 



Alternating-current relays, inverse time- 
limit, overload, V, 254-1 
primary, V, 251-4 
secondary, V, 253-1 
secondary, balanced-current, V, 255-2 
secondary, differential, V, 255-2; 256-5 
secondary, low-voltage, V, 255-4 
secondary, open-phase, V, 255-1 
secondary, overload, V, 253-1 
secondary, over-voltage, V, 255-4 
secondary, potential, V, 255-5 
secondary, reverse-current, V, 256-1 
secondary, reverse-phase, V, 355-5 
secondary, reverse power, V, 256-2 
secondary, signal, V, 256-1 
secondary, time-limit, V, 254-j 
secondary, underload, V, 255-r 
series open-phase, V, 252-4 
series overload hiigh-potential, V, 251-4 
series overload low-potential, V, 252-5 
aeries reverse-phase, V, 252-4 
series underioad, V, 252-5 
testing, V, 256-4 

Alternations, definition, 11. 536-5 

Alternator (see also "Alternating-current 
generators")* m, 388-4 
definition, V, 53 2-1 

efficiency, standardization rules, V, 534-5 
operation, m, 4-5 
rating, V, 533-4 

Altitude, effect of, in air compression, I, 

45-4 

Altitude of triangle, IV, 337-5 

Almnfaiim, I, 83-4 
alloys, I, 72-2 

and fiber, coefficient of friction. III, 217-r 
and leather, coefficient of friction, ni, 

2x7-5 
annealing, in metal spiiming, V, 460-1 
annealing, shells, n, 41 1-2 
as a coating for other metals, m, 280-5 
atomic weight, I, 83-4 
Bayer process, I, 85-4 
boiling point, I, 449-j 
brazing, I, 504-2 
"burning," I, 89-4 
butt-welding, I, 87-4 
Canac's process for plating, I, 90-5 
castings (see also "Aluminum castings"), 

1.86-4 
castings, cores for, I, 87-1 
castings, effect of iron on, I, 87-j 
castings, effect of zinc on, I, 87-j 
cast-welding, I, 89-4 
chloride, melting point, in, 251-4 
coating on other metals, I, 530-2 
coefficient of heat transmission, m, 542-1 
coloring, n, 168-2 
conductors, VI, 310-4 
conductors, sag of, VI, 321-4 
conductors, table, VI, 311-1 
corrosion of, I, 84-2 

cost €i graying, Schoop process, V, 318-4 
cutting speed for marhining, I, 87-2; 87-5 
die<astings, n, 339-4 
die-pressed castings, 11, 359-2 
discovery, I, 83-4 
disk grinding, II, 386-j 
drawing wire from, I, 86-5 
ductility, I, 83-4 
effect of adds on, I, 84-j 
electrical conductivity, I, 84-r 
electrically welded, I, 88-2; VI, 490-4 
electrolytical process for produdng, I, 

85-4 
etching, IK, 70-4 
etching reagent, IV, 354-4 
extrusion of, m, 89-2 
flanging and seaming, I, 89-5 
forging, I, 86-4 
for jigs and fixtures, I, 84-4 



Aluminum, for planer pulleys, I, 84-4 
for steam turbine blades, VI, 58-5 
flux for soldering, V, 387-4; 394-1 
fusion process for producing, I, 85-2 
general properties, I, S3-4 
grinding wheels for, II, 274-5; m, 469-1 ; 

470-/; 485-5 
grinding, work speed for, m, 469-j; 470-j 
gun-metal finish on, II, 168-5 
hardness, I, 84-j 
heat conductivity, I, 84-J 
heat expansion, I, 84-7; m, 541-5 
in earth's crust, n, 93-j 
influence of extrusion on, HE, 88-4 
ingot, I, 86-5 

in manganese-bronze, IV, 319-2 
in the machine shop, I, 84-4 
in thermit steel, VI, 503-5 
lubricant for drawing, II, 410-4 
lubricant for drilling, IV, 254-1 
lubricant for marhining, I,* 87-2; 87-5; 

IV, 254-2 
lubricant for threading, I, 89-2 
marhining, I, 87-2 
mdtmg furnace for, m, 225-1 
melting point, I, 84-j; IV, 335-1 
metallurgy, I, 85-2 
milling, I, 87-2 
molds for, I, 86-4 
Navy specifications, I, 86-3 
nickd-plated, I, 90-2 
oxide (corundum), n, 219-5 
oxide, in boiler feed water, I, 397-2 
patterns, IV, 550-2 
percentage in manganese-bronze, IV, 

320-1 
plating, m, 47-4 

I>lating, pickling bath for, m, 43-5 
polishing, I, 90-j 

producing matt surface on, I, 90-2 
production, I, 85-1 
pulleys, phiner, V, 103-2 
riveting, I, 88-5 

rods, machine for casting, V, 272-4 
rolling, I, 86-5 
fonoDg,!, 89-5 
sheet, wekling, VI, 479-5 
shrinkage of castings, I, 86-4; IV, 540-1 
silicate (China day), n, 2x5-/ 
sokler for, V, 387-4 
solder for, composition, V, 388-4 
sokler for, effect of dampness, V, 393-4 
soldering, V, 393-1 
soldering, bit for, V, 394-2 
qiedfic gravity, I, 83-4; V, 398-5 
qpedfic heat, I, 84-1; V, 401-5 
speed for spirming, V, 454-1 
strength, I, 84-2; VI, 97-1 
testing a mineral for, I, 85-2 
threading, I, 89-2 
tinning, V, 393-5 
tools for spinning, V, 457-4 
uses for, I, 84-5 

weight per cubic inch, V, 398-5 
wdding, I, 87-4; VI, 479-5 
wire, conductivity, VI, 5x0-2 
Aluminum alloya, I, 72-2 
alzene, I, 73-2 
brass, I, 74-1 

bronze, I, 73-5; 5i8-5 

containing copper, I, 70-2; 73-5; n, 

207-2 
containing copper, autogenous wdding, 

VI, 479-4 
oontainmg copper, etching reagent, IV, 

354-2 
containing copper, for iqAming tools, V, 

457-4 
containing tin, plating, IH, 45-5 
containing zinc, I, 72-4 
containing zinc and copper, I, f^s 
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ALUMINUM ALLOYS — ANNEALING 



Aluminum alloys, oontaimng zinc, welding, 
VI,48o-j 

duralum, I, 74-5 

dundumin, n, 513-^ 

etching reagent, IV, 355-1 

for crankcases, I, 73-4 

for die-castings, II, 339-3 

insuluminum, IV, 6S-2 

light-weight, I, 74-2 

magnalium, IV, 287-2 

making by Cowles pncess, I, 74-1 

manganese in, IV, 318-2 

methods of making, I, 74-7 

therlo, VI, 232-3 

used for extrusion, m, 89-3 

zjsium, VI, 568-4 

ziskon, VI, 568-4 
Aluminum brass, I, 74-1 
Alnmintiin bronze, I, 73-3; 518-3 

for brass foundries, I, 494-2 

for spinning tools, V, 457-4 

used for extrusion, III, 90-2 
Alnminiitn castingB, I, 86-4 

grinding wheels for, V, 386-2 

weight of, from patterns, IV, 550-4 

welding, VI, 479-4 
Aluminum-cell electrolytic arrester, IV, 

210-J 
Aluminum-method of cobalt production, n, 

146-3 
Alnndum, I, 90-3 

for lapping, IV, 166-4 

hardness, I, 91-7 

wheels, speed, HE, 468-1 
Alzene, I, 73-2 
Amalgams, I, 91-2 

de6nition, I, 66-2 
Amber mica, IV, 63-7 

insulating value, IV, 61-3 
Ambroin, I, 91-2 
American and Swiss files compared, m, 

1 17-7 
American Gas Institute specifications, for 

cast-iron pipe, V, 24-7 
American Institute of Electrical Engineers 

standardization rules, V, 528-2 
American music wire gage, VI, 507-7 
"American" pump valve mechanism, V, 

186-3 
American rope transmission i^ystem, V, 

293-^ 
American Russia-iron gage, V, 300-4 
American Screw & Wire Co. music wire 

gage, VI. 509-3 
American Society for Testing Materials, 
annealing steel castings, VI, 71-3 
arbitration bar, for transverse tests, VI, 

228-4 
casehardening methods, II, 11-3 
method of testing cast iron, 1, 109-3 
specifications for babbitt, I, 198-2 
specifications for cement, n, 35-4 
specifications for gun-metal, IH, 489-3 
specifications for steel castings, II, 31-2 
specifications for structural steel, VI« 

II 1-7 
specimen for compression test, VI, 228-3 
standard test specimen, VI, 225-3 
American Society of Medianical Engineers, 
boiler specifications, I, 432-2 
machine screws, IV, 268-3; 269-2; V, 324-4 
machine screws, tap drills, VI, 301-2 
machine screw taps, IV, 370-7 
machine screw threads, VI, 273-7 
American standard flanged fittings, V, 39-3 

tables, V, 38^41, ind. 
American standard structural channeb, 11, 

81-7 
American standard wire gage, VI, 507-2 
American Steel & Wire Co. gage, VI, 507-3 
music ?rare, VI, 509-3 



American Steel & Wire Co. gage, teble, VI, 

508-7 
American taper sockets, reamers for, V, 

347-2 
American trade names, steel, VI, 63-3 
American Water Works Aasodatkm pipe, 

V, 34-5 

American windmill, VT, 505-^ 
American wire gage, VI, 507-2 • 

table, VI, 50&-7 
Amidol, developer, V, 17-2 
Ammeter, m, 15-2 

A. C, ciurve-drawing, VI, 147-4 

A. C, for switchboards, VI, 147-' 

D. C, curve-dra?ring, VI, 147-7 

D. C, fidd, VI, 147-2 

D. C, for switchboards, VI, 146-4 

jack, VI, 163-3 

series transformer, m, 19-7 

switch, bus, VI, 163-3 

switch, cable, VI, 164-2 

switch, testing, VI, 164-3 
Ammonia, absorbed by water, I, 6-4 

boiling point, I, 448-4 

etching reagent, IV, 353-3 

latent heat, IV, 169-7 

spcd&c gravity, V, 398-4; 399-' 

q)edfic heat, V, 401-2 
Ammonium chloride, as soldering flux, V, 

392-' . 
copper, etching reagent, IV, $55-2 
cupric, etching reagent, IV, 354-' 
Anmtonitmi lactate, as soldering flux, V, 

392-1 
Ammonium nitrate as a freezing mixture, 

m, 314-7 
Anmtonium persulphate, etching reagent, 

IV, 353-4 
Ammonium phoq)hate soldering flux, V, 

391-4 
Amorphous graphite, IV, 353-2 

Amortisseur winding, 1, 91-3 

synchronous motor, IV, 460-3; 471-2 
Amortization, V, 367-2 
Ampere, I, 91-3 

definition, n, 533-4 
Ampere-hour, I, 91-4 

meters, III, 33-4; VI, 147-r 
Ampere-meter, I, 91-2 
Ampere-second, 1, 91-4 
Ampere-tums, I, 91-4 

lifting magnet, IV, 307-3 
Amsler polar planimeter, V, 109-4 
"Anaconda" converter, U, 306-7 
Analysb, chemical, n, 96-2 
Analytical geometry, I, 91-4 
Analytic chemistry, definition, 11, 93-4 
Anchoring babbitt linings, I, soo-j 
Anchoring steam mains, V, 74-3 
Anemometer, I, 93-4 
Aneroid, I, 348-4 
Angle, IV, 336-3 

boring hole at, IV, 135-3 

dearance, for grinding cutter teeth, n, 

287-3 
corresponding taper per foot, I, 97-7 
cutting, spiral bevd gear, V, 476-4 
drilling at, jig for, IV, 133-3 
face, spiral bevd gear, V, 476-4 
for setting dividing-head when cutting 

dutch teeth, 11, 133-3 
functions of, VI, 335-2 
functions of, changes in value and sign, 

VI, 327-' 

functions of, graphic illustration, VI, 

326-4 
functions of, use of tables, VI, 335-4 
geometrical constructions, m, 4x0-2 
geometrical properties of, HI, 408-3 
indexing for small, IV, 53-2 
laying out, I, 94-7; 98-2 



Angle, measuring, by sbe-bar, V, 366-4 
measuring, in radians, IV, 337-2 
measuring, protractor, V, 178-4 
of advance, VI, 7-4; 379-7; 387-4 
of dearance, for broach teeth, I, 509-2 
of dearance, for drills, n, 433-3 
of crystals, goniometer for measuring, m, 

419-3 
of driU point. It, 433-4 
of flute of hobs, V, 363-2 
of helix, rv, 407-2 

of keenness, tool, definition, VI, 393-2 
of lead, eccentric, VI, 7-4 
€i lip, tool, definition, VI, 293-2 
of obliquity, V, 517-4 
of oscillation, V, 2-3 
of pile of coal, VI, 92-4 
of repose, m, 214-3 
of shear blades, V, 355-4 
of q>iral, IV, 407-2 
of thread, testing, VI, 255-2 
of torsional deflection, shaft, V, 333-3 
of vdodty, dectrical, V, 528-4 
pressure, for gears, V, 518-4 
pressure, spiral bevd gear, V, 473-4 
spiral, spiral bevd gears, V, 473-3 
structural, I, 95-7 
structural, bending, I, 343-3 
structural, bent to circular shape, 1, 95-2 
structural, moment of inertia, I, 368-7; 

269-3 
structural, radius of gyration, I, 368-7; 

269-3 

structural, section modulus, I, 268-7; 
369-3 

structural, tools for punchmg, V, 214-3 
An^e air compressors, I, 37-2 
Angle check-valve, VI, 385-7 
Angle compound engines, VI, 24-3 
Angle diameter, I, 93-4; VI, 249-3 
Angle levd, IV, 200-4 
Angle-plate, designating size, IV, 385-3 

for faceplate, IV, 187-2 

planer, V, 116-4 
Angle shears, V, 355-2 
Angleaite, IV, 194-7 
Angle tools, planer, V, 113-4 
Angular addendum, bevd gear, I, 353-3 
Angular advance, steam engine, VI, 7-3; 

387-4 
Angular ball bearings, I, 311-2 
Angular cutter, definition, IV, 368-7 

designating size, IV, 286-7 

grinding, II, 287-4 
Angular gages, m, 273-2 
Angular indexing, IV, 51-3 

compound, IV, 52-7 
Angular measurements, I, 96-r 

units for, IV, 336-4 
Angular milling, IV, 401-7; 403-2 

cutters, IV, 379-2 

cutters, relieving, V, 261-3 
Angular rope drive, V, 295-3 
Angular surfaces, planing, V, 11 3-4 
Angular velodty, I, 99-2 

symbol, V, 529-4 
Angular work, setting with disks, IV, 215-2 
Aniline, boiling point, I, 448-4 
Animal oils, IV, 244-2 

viscosity, rv, 24&-7 
Anisometric projection, IV, 87-2 
Annealed sted under microscope, IV, 350-3 
Annealed tool steel, speed for turning, V, 

433-^ 
Annealing, I, 99-3 

brass, HI, 222-2 

brass, for drawing operations, 11, 420-2 

brass, in metal spinning, V, 459-4 

bronze, m, 222-2 

carbon sted, I, 99-3 

chart for, pyrometer, 1, 100-4 



ANNEALING — ARC-LIGHTING 



AnneaBng, cfaSled car wheds, n, xoo-i 

copper, m, 222-2 

crane chain, II, 57-2 

cylinders before finishing, n, 398- j 

die blanks, n, 343-a 

drawn shdls, II, 410-4 

diop-forsing die blanks, II, 493-J 

effect of, on elastic limit, m, 524-j 

file blanks* m, 114-4 

gear blanks, in, 374-4 

Gennan silver, m, 223-2 

gray iron castings, 1, 101-4 

heating baths for. III, 350-2 

high-speed steel, I, joo-i; IV, 4-3 

in metal spinning, V, 459-2 

malleable castings, IV, 308-j 

manganese steel, IV, 322-j 

nickel-chromium steel, IV, 492-4 

steel balls, I, 235-1 

steel castmgs, VI, 70-j 

water annealing, I, 99-4; ioz-2 

with electric wddhig machine, VI, 491-4 

anc, V, 459-^ 
Annealing furnaces, m, 222-2 

Bates & Peard, m, 223-j 

firebrick for. III, 13S-4 

for cold-rolled sheet steel, n, 157-2 

for malleable castings, IV, 30&-2 

heating with superheated steam, m, 
224-j 

materials for retorts, m, 224-2 

non-oxidizing, m, 223-j 

open flame, HI, 322-2 

rotaiy, HI, 223-j 

temperatures, m, 223-2 
Annuities, I, ioz-4 
Annular rings, moment of inertia, I, 366-j 

radius of gyration, I, 266-j 

section modulus, I, 266-j 
Annular sector, IV, 340-2 
Annular surface, definition, IV, 340-7 
Anode, 1, 102-2 

in multiple system of copper refining, m, 

35-^ 
in primary battery, definition, I, 249-1 

in storage batteries, I, 253-4 

Anode mud, m, 33-2 
in copper refining, m, 34-4 

Anode sludge, m, 33^2 

Anthracite coal, n, 145-1; m, 218-2 
anfl^e assumed by pile of, VI, 93-4 
firing under boilers, I, 411-4 
heat insulating value. III, 542-4 
smokeless combustion, n, 170-4 
specifications, n, 145-4 
specific gravity, V, 400-1 
volume of known weight, V, 401-r 
weight per cubic foot, V, 400-1 

Anthradte pig iron, V, 31-4 

Anti-fatigue steel, VI, 63-2 

Anti-f reeaing mixture for cooling water, m, 

399-4 
Anti-friction bearing metal, 1, 102-2 
Anti-friction curve (Schiele), 1, 102-2; 31 1-4 
Antimony, 1, 102-j 

alloys, I, 102-4 

as an impurity in copper refining, m, 

34-^ 
boiling point, I, 449-j 
coefficient of heat transmission, m, 542-j 
heat expansion, HI, 541-3 
in die-castings, 11, 339-1 
melting point, IV, 335-j 
specific gravi^, V, 398-i 
specific heat, V, 401-5 
spontaneous combustion, V, 480-2 
weight per cubic inch, V, 398-j 
Antimony alloys, 1, 102-4 
copper, I, 297-3 
etching reagent for, IV, 355-j 
lead, I, 397-1 



Antimony alloys, tin, I, 397-j 

tin-copper, I, 70-j 

tin-lead, I, 71-5 

typemetal, VI, 374-' 
Antiquarian-size drawing paper, n, 431-1 
Antique bronze, I, 520-1 
Anvil, I, Z03-4 

blacksmiths', selection, I, 103-4; HI, 
i8z-/ 

designating size, IV, 386-5 

fadngs, percentage of carbon in, I, 557-j 

in drop-forging die, n, 484-3; 491-2 

making of, early, I, 103-1 

mounting, 1, 103-j 

Navy spedfications, I, 104-r 

of a micrometer, IV, 360-2 
Apatite, hardness, m, 537-r 
Aperiodic electric mstruments, m, 14-2 
Apothecaries' fluid measure, VI, 464-j 
Apothecaries' weight, VI, 464-j 
Apparent power, 1, 104-j 

definition, IV, 154-1; V, 530-1 
Apple-seed files, m, 130-2 
Apple wood, specific gravity and weight per 

cubic foot, V, 399-1 
Appf aiaal, manufacturing plants, 1, 104-2 

average life of equipment, I, 105-r 

depreciation of machine equipment, II, 
305-2 

drawings, 1, 105-2 

fire damage, 1, 107-1 

life of power-station equipment, n, 305-j 

machines in idle factory, 1, 107-1 

machine tools, I, 105-4 

patterns, 1, 105-2 
Apprentice schools, I, 107-5 

cooperative, I, 109-1 

corporation, I, 108-2 
Apprenticeship systems, 1, 107-5 

National Machine Tool Builders', I, 

107-4 

trade schools, VI, 303-1 
Apprentices, instructing to prevent acci- 
dents, I, 7-4 
Approach, arc of, in gearing, V, 519-2 
Apron, hithe, IV, 171-J; 171-5 

assembling, I, 133-5 

headstock reversmg mechanism, operated 
from, IV, 173-5 

reversing mechanism, IV, 173-5 
Aquadag, m, 438-5 
Aqua regia, I, 34-2 

effect on platinum, V, 119-4 

etching reagent, IV, 354-z 
Aquometer, I, 109-2 
An, An, An points, IV, 78-4 
Arago kilogram, VI, 467-5 
Arbitration bar, 1, 109-5 

for transverse tests, VI, 338-4 
Arbor-hole for saws, machining, V, 313-4 
Arbor (mandrel) presses, I, iio-i 

designating aze, IV, 386-5 
Arbors (mandrels), I, 110-5 

babbitting, I, 201-5 

babbitting, plain bearings, I, 201-4 

centers for, I, iii-i 

centers for, lappiog, 1, 122-5 

centers for, reaming, 1, 122-2 

cone, I, II 1-5 

cutter, I, 123-2 

definition, IV, 317-4 

designating aze, IV, 286-5 

eccentric, making. If, 521-5 

expanding, I, 110-4 

for grinding piston rings, V, 85-2 

for shell end-mills, IV, 379-2 

for shell reamers, V, 363-1 

for sui^rting thin work, 1, 11 2-4 

for threaded parts, 1, 118-5 

for turning pistons, 1, 113-j 

lor turning pulleys, 1, 113-2 



Arbors (mandrels), for two operations, I, 

"7-5 
for winding irregularly spaced springs, V, 

484-2 
for winding springs, V, 485-4 
holding work on, for grinding, m, 463-r 
lapping center holes, I, 122-5 
lathe, plain, 1, 110-5 
making accurate, I, 122-j 
metal spinning, V, 456-2 
milling machine, 1, 123-2 
milling machine, with outboard support. 

If 133-4 
nut, 1, 117-5 

percentage of carbon hi, I, 557-5 

piston-ring, 1, 116-4 

reaming center holes, 1, 133-2 

roller, 1, 131-5 

saw, I, 133-2 

seasoning, I, 110-4; 123-1 

steel for, n, 274-2; VI, 301-2 

taper, for chudis, designating size, IV, 

385-5 

threaded, for large work, I, 119-4 

turret lathe, I, 113-2 

vertical boring mill, I, 115-5 

vertical threaded, I, 120-5 
Arc, circular, center of gravity, m, 439-2 

Huyghen's approximation for length of, 
m, 141-5 
Arc-conduction furnaces. III, 341 -r 
Arc cosine, 1, 134-4 
Arc cotangent, I, 134-4 
Arc, electric, VI, 484-2 

carbon, for welding, VI, 498-2 

manipulation in welding, VI, 500-4 

metallic, for welding, VI, 498-5 

striking, for welding, VI, 500-5 
Arc furnaces, electric, m, 341-2 

blast, in, 346-2 

electrodes, protective coating for, m, 
346-4 

ekctrometals, m, 344-2 

general principles, HI, 340-4 

Girod, ni, 343-4 

H6x>ult, in, 343-2 

operation. III, 345-4 

Rennerielt, III, 341-4 

Staasano, ID, 341-2 

Stassano, in steel foundry, VI, 68-4 
Arch-bound commutator. III, 403-2 
Arch brick, HI, 140-4 
Arches, brick, calculations, m, 141-2 

firebrick for, HI, 140-5 

for furnace brickwork, m, 335-2 
Archimedean law, 1, 134-2 
Archimedean prindple, 1, 134-2 
Archimedean screw, I, 134-2 
Architect's level, VI, 133-2 
Arch pipe taps, VI, 443-2 
Arch power presses, V, 151-2 
Arcing ground, 1, 134-5 

suppressor, I, 134-5 
Arc lamps, n, 547-4 

alternating current, II, 548-1 

carbon, II, 548-j 

direct current, n, 547-4 

flame, 11, 548-4 

history, II, 544-^ 

life of, n, 305-5 

luminous, II, 549-x 

mercury-vapor, 11, 550-4 

operating mechanism, II, 549-^ 

operating mechanism, differential type, 
n, 5SO-I 

operating mechanism, series-lamp, II, 

549-4 
operating mechanism, shunt lamp^ 11, 

S49-J 
types, n, 548-1 
Arc-lighting, n, 547-4 
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ARC-LIGHT ROPE— ATTACHMENT 



'Arc-light rope, 1, 124-j 

Arc of action in gearing, V, 519-2 

Arc of approach in gearing, V, 519-2 

Arc oi dnnilar sector, IV, 339-4 

Arc of recess in gearing, V, 519-2 

Arc plug switches, VI, 163-2 

Arc-radiation furnaces, m, 241-1 

Arc sme, 1, 124-4 

Arc tangent, I, 124-4 

Arc welding, VI, 4S4-1; 498-2 

Bemardos, VI, 484-j; 498-2 

carbon arc, VI, 498-2 

character of welds, VI, 501-4 

cost, VI, 502-r 

current required, VI, 498-4 

electrode holders, VI, 499-4 

electrodes, carbon, VI, 500-r 

electrodes, metallic, VI, 500-r 

flux, VI, 500-/ 

generator for, VI, 499-2 

manipulation of arc, VI, 500-4 

metallic arc, VI, 498-3 

operation, detaib, VI, 500-2 

procedure, VI, 498-2 

protecting the operator, VI, 501-1 

resistance, VI, 499-2 

Slavianoff, VI, 485-j; 498-2 

striking the arc, VI, 500-5 

Strohmenger-Slaughter, VI, 485-r 

voltage required, VI, 499-j 

Voltex, VI, 484-2 

welding materials, VI, 50^1 

Zerener, VI, 484-j 
Areu, IV, 336-2 

measuring by planimeter, V, 109-4 

oi drdes, on dide-rule, V, 381-j 

of electric wires, units for, VI, 464-r 

of gear tooth spaces, m, 324-5 

of geometrical figures, IV, 337-4 

of polygons, V, 128-1 

of pump valves, V, 193-4 

of surfaces of irregular outline, IV, 341-5 

of surfaces. Pappus or Guldinus rules, IV, 

345-4 

reduction of, VI, 96-4 

reduction of, determining, VI, 227-4 

sectional, punch and shear frames, V, 
213-j; 214-1 

shop, per productive employe, V, 171-5 
Are, metric surface measure, VI, 465-2 

in English units, VI, 465-5 
Arents' a^lbon tap, IV, 194-5 
Argand blower, use of. III, 227-4 
Argentan, 1, 124-4 
Argentan solder, V, 388-1 
Argentina, life and cost of patents, IV, 530-4 
Argon, 1, 124-4 

in air, I, 27-4 

melting point, IV, 335-x 
Arguzoid, V, 388-/ 
Arithmetic, III, 202-j 

extracting cube root, it, 274-4 

factors, in, 94-2 

formulas, III, 201-4 

order of operations, m, 203-1 

percentage, V, 3-4 

use of parentheses. III, 202-4 
Arithmetical progression, 1, 124-4 
Arithmetical signs, V, 365-5 
Arkansas oilstones, IV, 505-1 
Arkansas powder for lapping, IV, 168-4 
Araiattire, 1, 125-5 

A. C. generator. III, 391-4 

coils, alternators, short circuit in. III, 5-2 

coils, excessive heating, alternating- 
current generators, m, 5-1 

commutator motor, IV, 472-4 

D. C. generator, III, 401-2 

D. C. motor, IV, 475-J 

definition, II, 532-5 

disk, press for, V, 154-2 



Armature, excessive current in. III, 2-1 
faults in generators and motors, III, 2-2 
heating in generators and motors. III, 2-2 
iron, excessive heating, alternating- 
current generators, ED, 5-1 
motor, definition, IV, 474-2 
out of balance. III, 3-1 
out of center of pole pieces, ED, 2-4 
punchings, D. C. motor, IV, 475-r 
reactance, alternating-current generator, 

in, 397-4 

reaction, 1, 125-4 

reaction, A. C. generator, m, 397-5 

reaction, cause of sparking, IV, 479-4 

reaction, D. C. motor, IV, 478-2 

regulation of motors, IV, 444-1 

shafts, lubricant for, IV, 246-z 

short circuit in, m, 3-5 

slots, in, 392-4 

synchronous motor, IV, 471-2 
Armature-type relays, V, 249-4 
Armature winding, A. C. generator, m, 
392-2 

D. C. generator. III, 401-5 

D. C motor, IV, 475-2 

multiple, IV, 484-2 

open-drcuited, HI, 4-5 

series, IV, 481-4 

short circuit, synchronous converter, m, 

12-1 

Armor plate, I, 126-/ 

Harvey process, III, 540-4 

planer, V, 106-4 

steel, I, 75-4; 126-5 
Armor wire, 1, 126-5 
Arms, flywheel, m, 165-4 

for gas and oil engines, m, 169-2 

proportioning, VI, 35-4 
Arms, rim, and hub of crane gears, n, 357-2 
Armstrong pipe joint, V, 42-4 
Arresters, lightning, IV, 208-2 

for power plants, V, 147-5 
Arsenic, 1, 126-5 

aDoy, copper, I, 377-1 

as an impurity in copper refining. III, 34-2 

compound, realgar, V, 237-2 

effect on zinc, VI, 566-1 

in gun-metal, m, 489-2 

melting pomt, IV, 335-r 
Articles for publication, 1, 126-4 
Artificial illumination, steam power plant, 

V, 132-1 
Artificial oilstones, IV, 505-2 
Asbestine, n, 314-4 
Asbestoa, 1, 127-5 

board, cutting, 1, 127-4 

board, electric insulating, IV, 65-4 

brake lining, I, 480-5 

building lumber, IV, 65-4 

coefficient of friction in brakes, 1, 480-5 

filler, electrical insulation, IV, 65-j 

for furnaces, ni, 238-2 

for lifting magnets, IV, 208-1 

heat insulating value, HI, 542-4 

insulating value, electrical, IV, 61-4 

paper, IV, 65-4 

paper, heat insulating value, m, 542-4 

sheets, electrical insulation, IV, 65-4 

specific gravity and weight per cubic foot, 
V, 400-1 

wood, IV, 65-4 
Ashbeny metal, 1, 128-1 
Ashes, coal, heat insulating value. III, 543-4 

removal of, in gas producers. III, 312-5; 

315-4 
wood, heat insulating value, III, 542-4 
Ash in fuel oO, effect on gas engines, 11, 

373-' 
Ash-pit for boilers, I, 409-1 
Ash, wood, as electrical insulation, IV, 62-4 
as fuel. III, 219-2 



Ash, wood, specific gravity and weight per 

cubic foot, V, 399-1 
A. S. M. E. machine screws, IV, 268-5; 269-2; 
V, 334-4 

tap drills, VI, 301-2 

taps, IV, 370-j 

threads, VI, 373-1 
AsphAltnm (asphalt), 1, 128-j 

as a waterproof composition, n, 36-4 

compounds, insulating value, IV, 61-4 

for add-proof cements, I, 23-4 

impregnating compounds, IV, 67-4 

msulation, effect of temperature, IV, 61-4 

protective coatings for steel, II, 217-5 

rolling friction of, m, 214-5 

specific gravity and weight per cubic foot, 
V, 400-r 
Assaying, I, 128-2 
AMembling, 1, 128-2 

aligning appliances, I, 144-5 

ball bearings, I, 214-2 

ball bearings, on shafts, I, 217-4 

boring milk, I, 145-2 

engine lathes, I, 135-2 

estimating cost of, n, 221-j 

gages for, 1, 145-r 

general requirements, 1, 128-5 

indexing mechanism, I, 131-2 

lathe apron, 1, 132-5 

lifting devices for, I, 133-2 

locomotive, I, 146-4; IV, 237-2 

planer, I, 138-2 

principal methods, I, 130-J 

Acraping, I, 136-2 

scraping, facilities for, 1, 133-2 

sequence of operations, I, 130-2 

tpangs, V, 491-5 

standardization in, I, 139-2 

summary of principles, I, 131-/ 
Association, British, thread, VI, 370-1 
Association of Licensed Automobile Manu- 
facturers, screws and nuts, V, 338-1 

thread, VI, 270-4 
Astatic i^vanometers, m, 16-1 
Astatic system of needles, m, 16-1 
Asynchronous machine, phase-advancer V 

10-5 
Atlas-size drawing paper, II, 421-j 
Atmosphere, equivalents of pressure of, VI, 
464-4 

measuring pressure of, by barometer, I, 
348-4 

pressure of, V, 164-5 
Atmospheric condenser, n, 180-4 
Atmo^eric engine, I, 150-7 
Atmospheric exhaust mains, V, 73-4 
Atmospheric line, VI, 4-5 
Atmospheric pressure, I, 150-2 
Atom, definition, II, 93-4 
Atomic weights, II, 93-5 

method of determining, n, 93-4 

table, n, 94-1 
Atomizers for liquid fuels, m, 387-4; V, 

133-^ 
Atomizing carburetor, m, 387-2 
Atomizing oil fuel, HI, 331-5 
Attachment, drilhng machine, high-speed, 
n, 4fi3-J 

miUing machine, IV, 386-4 

[daner, V, 91-4 

pulley crowning, VI, 193-2 

shaper, universal, V, 351-5 

shearing machine, V, 355-2 

spherical turning, V, 445-5 

spring winding, V, 484-4 

taper, boring mill, VI, 191-2 

taper, for lathe, VI, 183-5 

taper, for tap threading, VI, 314-4 

taper, screw machine, VI, 186-5 

taper turning, VI, 183-5 

taper, turret lathe, VI, 187-4 
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Attachment, taper, vertical turret lathe, 
VI, 192-4 

tappmg, VI, 197-X 

threading, VI, 243-4; 245-j 
Attracted-disk dectrometer, m, 41-5 
Augers, speed, V, 444-1 
Anstenite, 1, 150-2 

Austenitic manganese steel, IV, 320-4 
Australia, life and cost of patents, IV, 530-4 
Austria, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-j 
Autogenous soldering, I, 150-5 
Autogenous tube welding, VI, 338-2 
AutogenooB welding (gas flame), VI, 472-2 

acetylene for, VI, 474-4 

aluminum, castings, VI, 479-4 

aluminum, sheet, VI, 479-j 

aluminum-anc alloys, VI, 480-j 

apparatus for, VI, 474-4 

applications of, VI, 472-3 

beveling work for, VI, 475-3 

bbw-holes, filling, in brass and copper, VI, 

479-3 
boiler repairs, VI, 477-3 
brass, VI, 479-2 
bronze, VI, 479-2 
cast iron^ VI, 478-J 
cast iron to steel, VI, 47S-J 
copper, VI, 478-4 
copper allo3rs, VI, 479-1 
copper to steel, VI, 479-J 
cylindrical vessels, VI, 480-4 
directions for, VI, 476^2 
equipment for, VI, 472-4 
galvanized plates, VI, 477-3 
high-speed steel to machine steel, VI, 

477-4 

hydrogen for, VI, 475-2 

illuminating gas for, VI, 475-2 

lead, IV, 195-2 

malleable iron, VI, 478-4 

metal cutting, VI, 481-2 

oxygen for, VI, 474-4 

pipe, machine for, VI, 339-2 

preheating, VI, 475-4 

preparing work, VI, 475-3 

sheet-metal vessels, VI, 480-4 

sheet steel, VI, 477-2 

spots in welding, VI, 478-J 

steel, VI, 476-4 

sted castings, VI, 477-2 

tanks and retorts, VI, 480-4 

tin plate, VI, 477-4 

tool steel, VI, 477-4 

torches, VI, 473-J 

torches, adjustment, VI, 476-2 

welding materials, VI, 476-1 
Automatic brake, I, 484-2 

definition, I, 480-1 
Automatic cut-off valve, setting, VI, 394-4 
Automatic cutting-off machine, II, 291-4 
Automatic die-casting machines, II, 326-4 
Automatic drilling machine, II, 462-3 
Automatic engines, setting valves, VI, 394-3; 

39S-4 
Automatic feed, cross-feed for grinding 
machines, IQ, 433-3 
planer, V, 96-3 
shaper tool-slide, V, 347-1 
steadjrrest, V, 549-2 
Automatic gear-cttttiiig mAcUnet, m, 

335-^ 
adjustment and use, m, 335-4 
adjustment for depth of tooth. III, 338-1 
attachment for cutting internal gears, m, 

346-4 
bevel gears, m, 351-2 
capacity, IV, 19-J 

change-gears, bkxrk indexing, m, 337-1 
change-gears, indexing mechanism, in, 

336-4 
9x4 



Automatic gear-cutting machines, feed of 
cutter-slide, m, 337-4 

general arrangement. III, 336-1 

holding gear blanks, III, 337-2 

indexing mechanism, m, 335-2 

number of cuts, in, 338-3 

re-cutting gears, m, 338-3 

setting cutter, in, 337-1 

setting reversing dogs, m, 337-4 

setting rim rest, m, 338-2 

speed of cutter spindle, m, 337-3 

spindle drive, m, 335-4 

spiral gears, ni, 359-4 

^ur gears, large, m, 339-2 

trial cuts, in, 338-2 

use of gang cutters, m, 339-1 

use of stocking cutter, in, 338-4 
Automatic governors, VI, 19-/ 
Automatic grinding machines, m, 445-2 
Automatic indexing mechanism, automatic 

screw machine, VI, 359-4 
Automatic injector, IV, 59-3 
Automatic lathes, 1, 185-4 

chucking machines, I, 187-4 

definition, IV, 170-4 

turret type, I, 187-2 

vertical turret type, I, 188-2 
Automatic machines, classification, I, 178-4 

definition, I, 179- J 
Automatic milling machine, IV, 397-7 
Automatic nut tai^per, VI, 199-3 
Automatic oil switches, VI, 171-3 
Automatic piston-ring machine, V, 82-4 
Automatic screw machines, 1, 179-2 

cam design for, I, 542-2 

cam design, points on, 1, 178-j 

ramming arrangements, I, 193-1 

camming, single-spindle, I, i8i-r 

designating size, IV, 284-2 

early development, 1, 179-2 

feeding mechanisms, 1, 193-r 

indexing mechanism, VI, 359-4 

mechanisms for, I, 188-4 

motor drive, IV, 450-3 

multiple spindle, I, 183-3 

multiple-spindle, development of, 1, 179-4 

stock required for, I, 177-4 

operations, 1, 150-4 

single-spindle, 1, 180-2 

smgle-spindle, development of, 1, 179-2 

smgle-spindle, heavy, I, 182-2 

single-spindle, heavy, setting up, 1, 182-4 

single-spindle, setting up, 1, 181-4 

Spencer, 1, 179-2 

tool design, points on, 1, 178-1 

tools for, 1, 150-4 
Automatic screw machine tools and 
operations, 1, 150-4 

box-tool cutters, I, 157-2 

box-tool supports, 1, 158-4 

centering tools, I, 163-4 

centering-tools, holders, 1, 164-2 

chamfering took, 1, 169-3 

circular form and cut-off tools, 1, 150-4 

concave knurls, I, 176-3 

cooling and lubricating mediums, I, 

156-3 
coimterbore holders, I, 168-2 
counterboring, 1, 166-1 
deep-hole drilUng, 1, 164-4 
die and tap holdos, 1, 173-2 
dies, 1, 172-2 
drill-holders, 1, 165-1 
drills and drilling, I, 164-3 
feeds for centering, 1, 164-2 
feeds for counterbores, 1, 168-2 
feeds for cut-off tools, I, 156-3 
feeds for drilling, I, x66-r 
feeds for forming tools, 1, 154-z 
feeds for knurling, 1, 176-4 
feeds for reaming, 1, 169-1 



Automatic screw machine tools and oper- 
ations, flat driUs and combination 
counterbores, I, 167-2 

forming tools, 1, 152-4 

forming tools for B. & S., 1, 154-3 

hollow mills, 1, 161-4 

knurling, 1, 176-2 

reamer holders, I, 169-2; V, 240-1 

reaming, 1, 168-4 

recessing-tool holders, I, 171-2 

recessing tools, I, 169-3 

shaving tools, I, 162-1 

speeds for box-tools and hollow mills, I, 
162-r 

speeds for counterbores, I, 168-1 

q>eeds for dies, I, 173-1 

speeds for drilling, I, 165-2 

speeds for forming tools, 1, 154-1 

q>eeds for knurling, 1, 176-4 

speeds for reaming, 1, 169-r 

speeds for recessing tools, I, 171-2 

speeds for taps, I, 173-j 

speeds for thread rolling, I, 175-3 

swing tools, I, z6x-2 

swing tools, facing with, 1, 173-2 

tap holders, I, 173-2 

tappmg, 1, 172-4 

taps, I, 172-2 

taps, steel for, VI, 215-r 

thread rolling, I, X73-3 

thread rolling, holders, 1, 175-4 

turning tools, I, 156-4 

turret knurling, I, X76-4 
Automatic sizing attachment for grinding 

machines, ni, 437-2 
Automatic sprinklers in factories, m, X44-X 
Automatic stop and check-valves, V, 63-j 
Automatic stop, steam engine, VI, 21-/ 
Automatic threading lathe, in, 357-4; VI, 

248-4 
Automatic turning machines, 1, 178-4 

cams for feeding mechanism, I, 193-2 

chucking machines, I, 187-4 

classification, I, 178-4 

feeding mechanisms, I, 193-1 

indexing mechanism, I, 195-4 

lathes, 1, 185-4 

magazine feeding attachments, 1, 191-3 

means for rectifying indexing, I, 197-2 

mechanisms of, I, 188-4 

rotary magadne attachments, I, 192-2 

rotary tilting magazine for, I, 192-2 

screw machines, I, X79-2 

speed-changmg mechanisms, I, 189-2 

spindle drives, I, 189-2 

stock-feeding mechanism, I, 191-1 

stoppmg machine for stock renewal, I, 
191-2 

turret lathes, I, 187-2 

turrets, locking and clamping, I, 196-4 

turrets, means for revolving, I, X95-4 

vertical magazines, I, X92-1 

vertical turret hithe, I, x88-2 
Automatic turret lathes, I, 187-2; VI, 

356-2 
Automatic valves, VI, 386-4 
Automobile, clutches, n, 141-2 

cylinders, cast iron for, n, 280-3 

engine flywheels, balancing, I, 208-J 

engines, in, 294-r 

frame forming, multiple-crank press for. 
V, 152-3 

tire molds, engraving, m, 62-2 
Automobile Engineers' (S. A. £.), screws and 
nuts, V, 327-4 

specifications for cast iron, n, 33-2 

specifications for malleable castings, IV, 

306-3 
specifications for steel castings, n, 31-1 

thread, VI, 270-3 

thread, tap drills, VI, 20X-X 
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Automobile Manufacturers', screws and 
nuts, V, 3a3-j 

thread, VI, 270-4 
Auto-transfonners, VI, 309-4 

definition, V, 533-1 
Auziliaiies for steam power plant, drive for, 

V, 139-' 
Average-demand indicators. III, 26-3 

Avogadro's law, II, 93-4 
Avoirdupois wdg^t, VI, 464-3 
A. W. G. (wire gage). VI, $07-3 
Axes, sted for, n, 274-' 
Axial brake, diefinition, 1, 480-j 
Axiom, 1, 197-J 
Axis, neutral, IV, 489-2 
Axis of ellipee. III, 49-4 
Axis of equilibrium, I, 521-z 
Axle friction, crane, II, 245-a 
Axle lathe, IV, 179-3 

definition, IV, ^70-j 

horsepower, IV, 452-5 

motor drive, IV, 450-2 
Axles, locomotive, lubrication, IV, 246-5 

overhead crane, n, 247-2 
Axle steel, strength of, VI, 98-5 



Babbitt, I, 198-7 

American Society for Testing Mate- 
rials, specifications for, I, 198-2 
bearings, babbittiDg, 1, 199-1 
bearings, oonatruction of, 1, 199-4 
bushings for grinding wheels, m, 476-3 
composition, 1, 198-1; 298-2 
disk grinding, n, 386-1 
effect of shrinkage or contraction, I, 

313-a 
for sub-press slides, 1, 198-2 

hammers, m, 498-4 

hardness. III, 538-/ 

indicating on drawings, n, 427-4 

linings, lack of contact in bearings, I, 

313-4 

mdting furnace for, m, 224-4 

molten, prevention of oxidization, I, 200-j 

molten, temperature of, I, 200-2 

properties of, I, 198-5 

reason for advantages of, I, 307-4 

specification for, I, 198-2 

turning lubricant for, IV, 253-5 
Babbittiiig bearings, 1, 199-1 

anchoring, I, aoo-i 

arbor for, I, 201 -4 

bearings with oil pocket, I, 204-5 

finishing bearings after, I, 201-2 

fixtures for, multiple, I, 202-2 

fixtures or jigs for, 1, 199-2; 201-5 

general principles of, 1, 199-2 

important points in, I, 199-5 

in the field, I, 200-5 

mandrels for, I, 20X-5 

mandrels for, coating, I, 199-4 

pillow blocks, I, 203-4 

pouring the metal, I, 200-4 

preheating for, I, 200-4 

prevention of blow-holes, I, 200-1 

tinning the bearing shell, I, 200-1 
Bach's experiments on worm gears, VI, 

547-2 
Bach's formula, IV, 40-4 
Back-firing in oxy-acetylene welding, VI, 

473-1 
Back gearing, IV, i73-x 
definition, IV, 270-4 
design, table for, IV, 272-5 
differential, VI, 433-4 
dimensions, IV, 271-5 
double, IV, 1 73-1 
for lathe headstock, V, 403-1 
for shapers, V, 347-4 
triple, IV, 173-4 



Barkmg hammers, I, 373-5 

Backing-off (relieving) attachment, V, 358-4 

Backing-off ti^ threads, VI, 204-5 

Back pressure, in engines, VI, 4-2; 5-4 

Back-rest, roQer, for turning tool, VI, 347-f 

Backsight in surveying, VI, 131-1 

Back taper of taps, VI, 206-1 

origin, VI, 206-2 
Baffle plates in interooolers, IV, 69-a 
Baffles, oil switches, VI, 170-4 
Bagasse as fuel, m, 319-5 
Baily electric furnace, m, 254-5 
Bafly's metal, I, 204-4; V, 541-1 
Bakelite, I, 304-4; IV, 65-2 
Bakelite micarta, IV, 358-2 

for gears, V, 5x3-2 

mafhinmg, V, 513-J 
Baking cores, n, 31 1-2 

ovens for, n, 31Z-5 
Baking furxiace, HI, 338-4 
Baking japans, II, 317-4 
Baking soda as a fire extinguisher, m, 

143-4 
Balanced-current secondary rda]^, V, 355-2 
Balanced draft for boilers, I, 413-2 
Balanced engine valves, VI, 10-4 
Balanced expansion joint, V, 77-2 
Balanced slide valves, IV, 336-2 
Balanced valves, VI, 386-4 
Balanced-voltage D. C. potential rday, V, 

350-2 
Balance, predsfeo, VI, 458-4 
Balancer, I, 304-4; IV, 458-4 

definitfon, V, 531-5 

phase, definition, IV, 460-2 

regulation, IV, 459-4 

set, switchboard control, VI, 151-2 
Balance wheels, m, 161-1 
Balancing* I, 305-1 

dynamic, I, 305-4 

flywheels, I, 308-j 

machine for, I, 306-5 

machine for, combined drilling and bal- 
ancing, I, 3o8-4 

machine for pulleys, I, 308-2 

machine for, squirrel-type, I, 309-r 

multi-stage pumps, V, 305-2 

running, I, 305-4 

static, I, 205-5 
Balbach process, IV, 490-4 
Balbach-Thum cell for silver refining. III, 

39-« 
Baling presses, IV, 35-2 
Ballast resistance, Nemst lamp, IV, 488-5 
Ban bearings, I, 209-4 

advantages of, I, 209-4 

angular load, I, 21X-2 

applicatfon to light nuichinery, I, 220-2 

application to machine tools, I, 219-2 

application to motors, I, 2x8-4 

application to wood-working machines, 
1, 218-4 

assembling, I, 214-2 

balls for, I, 2x0-5 

baUs for, composition of steel for, I, 222-j 

balls for, testing, I, 222-2 

comparison with roller bearings, I, 210-1 

defects in, I, 2x4-2 

early design of, I, 223-r 

efficiency of. III, 2x5-4 

fitting to shaft, I, 2x7-5 

four-point, I, 2xx-2 

friction in, I, 209-4 

friction, sUding, I, 213-4 

history of, I, 222-4 

loads on radiial, I, 2xx-2 

loads on thrust, I, 2x3-1 

lubricant for, graphite, I, 22X-4 

lubricant for, test of, I, 22X-2 

lubrication and lubricants, I, 22x-/; IV, 
246-2 



Ball bearings, manufacturing metboda, J, 
234-1 

mounting, I, 3x5-1 

protecting against grit and dust, I, 316-4 

race grinding, I, 34x-r 

races, percentage of carbon in, I, 557-4 

races, sted for, I, 333-4 

radial, I, 310-4 

requirements, I, 310-7 

seasoning, I, 334-1 

three-point, I, 31X-2 

thrust, I, 3xx-r; 3x3-4 

thrust, capacity of, I, 313-r 

thrust, design of early, I, 334-5 

thrust, devefopment of, I, 334-2 

thrust in radial, I, 3X3-j 

thrust in two directions, I, 3x3-5 

types of, I, 3XO-4 

wear of, I, 2x0-2 
Ball Uanks, I, 226-r 

die for rolUng, I, 227-j 

flashing, I, 23X-4 

forging la^, I, 23X-3 

pressing, I, 228-4 

pressing, machine for, I, 239-J 

rolling, I, 227-5 

rough-grinding, I, 232-2 

trimming forged, I, 230-4 

turning, I, 228-1 
Ball burnishing, I, 523-2 
Ball chedL-valve, VI, 385-r 
Ballentine hardness test, I, 225-2 

device for, m, 536-2 
Ball feed st^yrest, V, 549-4 
Ball-heading machinery, 11, i$6-3 
Ballistic galvanometer, m, x6-2 
Ball manofactore, I, 225-5 

annealing, I, 235-r 

blank maldng, I, 227-5 

burnishing, I, 237-2 

counting, Ij 240-4 

drawing temper, I, 235-4 

finish grixkding, I, 235-4 

flashing process, I, 231-4 

forgmg blanks, I, 230-1 

gaging, I, 238-4 

grading, I, 338-5 

Grant ball grinder, I, 333-2 

grinding, I, 333-2 

grinding, emery as an. abrasive for, I, 3-4 

hardening, I, 335-^ 

hardening, oil for, I, 335-2 

history of, I, 335-5 

Hoffmann grinder, I, 334-5 

inspecting, I, 338-1; 340-J 

packing, I, 340-4 

pressing blanks, I, 338-4 

processes used, I, 336-1 

Richardson grinder, I, 232-4 

rolling bhinks, I, 226-4 

rough grinding, I, 232-2 

Tolford ball grinder, I, 236-4 

tumbling, I, 237-2 

turning blanks, I, 228-z 
Ball-peen hanuner, m, 498-5 
Ball-point thread micrometer, VI, 250-5 
Ball-pressing nmchine, Manville type, 1, 
229-2 
Reid type, I, 229-2 
Ball-race grinding, I, 241-1 
machine for, I, 24X-2 
wheek for, I, 243-2 
Balla, I, 225-4 
bronze and brass, uses for, I, 235-4 
burnishing, I, 337-2 
cast-iron, I, 335-4 
counting, I, 340-4 
for ball burnishing, I, 533-5 
for bearings, I, 3x0-5; 222-r 
for bearings, material used for, I, aaa-i 
gaging, I, 238-4 
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B«Ib, Gennan silver, uses for, I, 295-4 
< grades of, I, 338-5 

inspection, I, 338-j; 240-1 

machine sted, I, 22S-4 

manufactnie, I, 335-3 

nidLel-alver, uses for, I, 335-4 

packing, I, 340-4 

testing heat-treatment of, I, 333-5 

testing strength of, I, 333-a 

tambUng, I, 237-2 

uses for, I, 335-4 
Ball-flhaped flanges for ground pipe joint, 

in,309-/ 

Ban (spherical) turning, V, 444-j 

in turret lathe, V, 448-4 
Ban test, BxineU hardness, IDi 530-5 
Ban-tuniing machine, Grant, I, 328-r 

Hoffmann, I, 338-2 
Ban valves, pump, V, 193-5 
Ban vise^ univeraiLl, VI, 439-5 
Bamboo, specific gravity and weight, V, 

399-1 
Band brakM, 1, 481-r 

constants, II, 350-5 

definition, I, 480-1 

differential, 1, 481-1; 483-r 

for cranes, n, 350-2 

formulas for, I, 483-5 

general requirements, I, 481-5 

sini^e^urting, I, 481-1; 48a-* 

types, I, 481-5 
Band dutches, n, 143-4 
Banding presses, IV, 35-1 
Band-saw machines, designating size, IV, 
284-^ 

resawing, motor drive, IV, 440-1 
Band-iawa, blades, care of, I, 243-4 

braang, I, 504-4 

for cutting rubber, V, 300-J 

for snagging brass castings, 1, 496-5 

guards, V, 303-1 

in pattemmaking, FV, 535-a 

nuildng, V, 316-j 

metal-cutting, n, 394-2 

motor drive, IV, 440-1 

percentage of carbon in, I, 557-4 

silver soldering, V, 392-4 

speeds for wood, I, 343-4 
Barff metal protecting process, I, 244- 1 
BariQin, I, 245-j 

and zinc chromate, n, 216-5 

carbonate for casehardening, II, 5-5 

chloride, I, 245-1 

chloride, heating baths, I, 245-1; m, 
250-2; 513-4 

chloride, mdting pomt, m, 251-5 

chromate, n, 214-4 

fluoride, mdting point, HI, 251-4 

mdting point, IV, 335-1 

spedfic gravity, V, 398-5 

sulphate, n, 214-4 

weight per cubic inch, V, 398-5 
Bark as fud, m, 219-5 
Barker's mill, VI, 448-2 
Barlow's formula, n, 300-4 
Barograph, I, 248-4 
Barometer, I, 248-4 

scales, afloy for, I, 377-j 
Barometric aerometer, I, 27-x 
Barometric condensers, n, 177-2 
Barometric pressure, I, 28^1 
Baroscope, I, 248-4 
Bar pMMt, rolling mill, 1, 369-2 

diam<md grooves, I, 370-5 

effect of fins, I, 371-2 

Gothic grooves, I, 370-4 • 

laying out Inttet grooves, I, 370-2 

number of passes, I, 369-2 

oval grooves, I, 371-1 

leductkm diagram, I, 369-4 

round grooves, 1, 370-4 



Barrd. IV, 345-4 

core, n, 2x2-4 

for overhead cranes, n, 248-4 

liquid measure, VI, 464-2 

sand-bhist, V, 307-2 

tumbling, for ban burnishing, I, 523-5 

vohnne ojf, IV, 345-4 
Barrd cams, I, 531-2 
Bar resistor, V, 264-4 
Barring or rodding cores, n, 210-2 
Barr type-casting machine, n, 315-4 
Ban, V, 284-1 

arbitration, I, 109-5 

arbitmtkm, for transverse tests, VI, 228-4 

boring, I, 464-4 

baring, application to jigs, IV, 133-x 

boring, designating size, IV, 285-5 

oold-drawn, specifications for, II, 147-4 

copper, current-carrying capadty, V, 

143-^ 

hollow, production of, n, 456-r 

in rolling min practice, V, 284-j 

refined wrought-iron, I, 438-2 

steel, specifications, I, 434-4 

Z-, VI, 563-^ 
Bar-stO(±, racks for storing, m, 185-2; V, 

229-4 
Barth geometrical progression, IV, 272-2 
Berth speed range, IV, 272-2 
Bartlett process, IV, 195-j 
Bartlett skew bevd gear, V, 368-5 
Bar work, turners for, VI, 369-4 
Baiytes, II, 214-4 
Barytes cement, II, 37-2 
Base drdes in gearing, V, 5x7-4 
Base-metal thermo-couples, V, 221-j 

compodtion, V, 221-2 

temperature coeffident, V, 223-4 
Base oi k>garithms, IV, 341-r 
Bases, in chemistry, n, 97-5 
Basic Bessemer process, I, 351-5 
Bade open-hearth process, IV, 8i-r; 506-5; 

507-4 
Basic pig iron, V, 3X-4 

definition, IV, 83-1 
Basms, pouring, in molds, IV, 4x4-1 
Bawrood, as dectric insulation, IV, 63-4 

as fuel, m, 3x9-2 

nan-holding power, IV, 486-4 
Bastard cut files, m, i2x-r 
B. A. S. thread, VI, 370-1 
Bates & Peaxd fuma^ m, 223-5 
Bath, add, for dip polishing, V, 126-4 

cooling, hammer dies, IV, 5x6-4 

cyanide, for dip polishing, V, x27-r 

electrochemical deanlng, m, 27-4 

heating, barium-chloride, m, 5x3-4 

heating, cyanide-of-potasduxn, m, 513-5 

heating, for steel, in, 5x3-2 

lead, for heating sted, m, 5x3-2 

pickling, for cleaning n&etals for electro- 
plating, m, 43-a 

tempering. III, 517-5 

tempering, alloys for, m, 518-5 

wet galvanizing, m, 46-4 
Battens, pattemmaking, IV, 543-4 
Battariea, primary, I, 248-4 

Americsn BeU Telephone Co., I, 253-r 

application, I, 253-j 

bichromate, I, 250-j 

Bunsen, I, 25X-5; 520-4 

capadty, I, 253-2 

Clark, I, 252-4 

dosed-circuit, I, 349-2; 350-4 

compared with magneto, IV, 301-5 

crowfoot, I, 350- J ; 35X-2 

DanieU, I, 350-4; II, 303-4 

dry cells, I, 353-2 

dry, definition, I, 349-4 

Ediaon-Lalande, I, 351-5 

FuUer, I, 353-1 



I, primary, Gonda, I, 250^ 
Gordon, I, 250-2; 252-2 
Grenet, I, 250-j 
Harrison, I, 250-2 
Hayden, I, 250-4 
Hercules, I, 250-j 
H-form ceU, I, 252-4 
Kahle, I, 252-4 
Latimer-ClariL, I, 250^2 
Law, I, 250-2 
Tifclanch^, I, 250-2 
methods of connecting, I, 253-2 
open-circuit, I, 249-2; 250-1 
paxalld connection, I, 253-2 
Partz, I, 250-1 
plunge, I, 252-r 
Poggendorfs, I, 250-1 
polarization, I, 249-2 
series connection, I, 253-2 
standard oeUs, I, 252-4 
tests for, I, 253-5 
types, I, 249-4 
Vdta's pOe, I, 248-4 
Weston, I, 253-1 
wet, definition, I, 249-4 
Battariea, atorage, I, 253.4 
alkaline, I, 260-7 

alkaHni*, charging sources, I, 262-r 
alkaline, containers, I, 260-5 
alkaline, disduuge, I, 26X-5 
alkaline, Edison, I, 260-7 
alkaline, electrodes, I, 260-7 
alkaline, dectrolyte, I, 260-2 
alkaHne, Hubbdl, I, 260-7 
alkaUne, initial charge, I, 260-4 
alkahne, instaUation, 1^ 260-5 
alkaline, rating, I, 260-4 
alkaline, regular chaxge, I, 26X-7 
as ezdters, V, X4Z-2 
automatic current stop, I, 263-5 
boosters for charging, I, 262-2 
charging and discharging, I, 254-7 
charging, rectifiers for, V, 249-7 
cxmnections in series and in parallel, I, 

253-4 
cnd-cen switches, I, 263-4 
for wmdmiU-electric plant, VI, 506-4 
grids, die-casting machine for, H, 328-5 
lead, I, 354-2 

lead, arrangement of cens, I, 355-4 
lead, chargfaig, I, 357-4 
lead, charging voltage, I, 358-2 
lead, containers, I, 355-5 
lead, discharge, I, 358-4 
lead, electrodes, I, 354-5 
lead, electrolyte, I, 355-7 
lead, floating, I, 359-7 
lead, for vehides, I, 356-5 
lead, initial charge, I, 357-2 
lead, installation, I, 255-5 
lead, normal rating, I, 358-7 
lead, rate of charge and discharge, I, 

9S7-4 
lead, readings for, I, 356-4 
lead, troubles and their remedies, I, 

359-2 

hfe of, n, 305-5 

polarization, 1, 354-2 

used with ezdters, m, 74-2 
Bauer law for disruptive strength, IV, 6x-2 
Bauin6 hydrometer, IV, 44-5; V, 398-4 

readings converted into qiedfic gravity, 
V. 400-5 
Baumgartd metal, I, 364-7 
Bauxite, I, 85-7 

brick, in, 137-4 

brick, melting point, m, X38-2 

for abraaves, I, 4-2 

for alozite, I, 83-7 

for alundum, 1, 90-5 

ore, compodtion, HI, 137-4 
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Bayer process, I, 85-4 

Bay-wood for patterns, IV, 536-1 

B-block chain, II, 61-2 

B. D. S. I. point, m, 10-4 

Beading tool, for metal spinning, V, 457-2; 

for tubes, VI, 341-r 

percentage of carbon in, I, 557-4 
Beale skew bevel gears, V, 36S-2 
Beaman & Smith tap shanks. III, 509-2 
Beam compasses, II, 403-3 
Beam girders, n, 258-2 

design, n, 259-r 
Beam house treatment in tanning leather 

belting, I, 319-3 
Beam micrometers, designating size, IV, 

287-j 
Beam mill, V, 283-r 
Beams, I, 364-2 

approximate formulas, I, 279-2 

cantilever, I, 556-5 

cast-iron, I, 277-4 

cast-iron, shrinkage allowance, IV, 540-1 

concrete, motors suspended from, IV, 

457-/ 
critical point in, VI, 104-4 
cross-sectional shape, I, 270-4 
definition, VI, 103-j 
deflection of, uniformly loaded for part 

of its length, I, 270-j 
eiramples of calculations, I, 264-5 
I-, IV, 45-* 
moment of inertia of bmlt-up sections, 

I, 271-2 
moments of inertia, tables, I, 265 
of uniform strength, I, 277-5; 278 
radius ol gyration, table, I, 265 
relation of depth to span of a girder, I, 

279-4 
section modulus, table, I, 265 
shearing stresMS in, VI, 103-4 
steel, shape of, I, 271-r 
strength of channels used as, I, 271-r 
stresses m, VI, 103-5 
stresses produced by shock, I, 280-2 
tables of stresses and deflections, I, 270-2; 

272 
testing strength of, VI, 228-4 
Bearing capacity of rocks and soils for 

foundations, m, 209-/ 
Bearing dies for die casting, n, 335-4 
Bearing Ittbricatlon, I, 280-4; 307-4; 

314-J 
collars and washers, I, 291*/ 

crank bearings, m, 300-5 
elevated oil tanks, I, 286-4 
engine, IV, 246-2 
flat sliding surfaces, I, 289-2 
forced, I, 318-2 
in hot places, IV, 246<-5 
kxise gears and pulleys, I, 293-r 
lubricants, IV, 244-r 
lubricating devices, I, 282-5 
lubrication l^ felt pads, I, 2820-4 
methods ol supplying lubricants, I, 281-4 
modem practice, I, 317-4 
Nicolson's experiments, I, 315-4 
ofl baths, I, 293-2 
oil circulated by pumps, I, 285-4 
oil distribution, I, 281-2 
oil supply, I, 281-1 

piping for conducting lubricants, I, 287-2 
preventing waste of ofl, I, 294-2 
quantity of ofl, I, 281-2 
ring oiflng, I, 218-1; 283-2 
Tower's expoiments, I, 314-4 
turbine, IV, 346-2 
vertical spindles, I, 29X-2 
wick oiling, I, 284-4 
Bearing marks in scrapbg, V, 320-1 
devices for obtaining, V, 321-x 



Bearing metals, I, 296-1 

alloys, in general, I, 66-j 

anti-friction, 1, 102-2 

babbitt, 1, 198-j; 298-2 

bronze, I, 297-4 

bronze. Lumen, IV, 266-5 

Immze, plastic, I, 398-2; V, 119-2 

Camriia, I, 548-2 

cannon bronze, I, 298-z 

composition, I, 70-1; 298-2 

containing antimony, I, 297-1 

for different pressures, I, 399-2 

for heavy machineiy, I, 297-r 

for high-speed machinery, I, 297-/ 

for miscellaneous purposes, I, 299-2 

high-class, I, 299-2 

Karmarsch, IV, 144-1 

magnalium, IV, 289-2 

magnolia, IV, 306-1 

Queen's metal, V, 227-2 

requirements of, I, 198-5; 296-5 

tests on, I, 299-5 

typemetal, VI, 374-' 

vanadium in, VI, 4x6-5 

white metal, VI, 504-5 
Bearing protecting deTices, I, 300-r 

for feed-screws, I, 304-r 

for grinding machine slides, I, 303-5 

for revolving bearings, I, 302-4 

for slkies, I, 300-4 

roller-blind, I, 304-5 

telescopic, for slidies, 1, 304-2 

types, I, 300-4 
Bearings, 1, 305-1 

babbitted, construction of, 1, 199-4 

babbitting, 1, 199-1 

babbitting in the field, I, 300-5 

ball, I, 209-4 

ball and roUer, comparison, I, 210-r 

baU, assembling, I, 214-2 

baU, capacity of, I, 21Z-5; 2x3-1 

ban, for end-thrust in two directions, I, 

213-5 
ban, for machine tools, I, 2x9-2 
ban, for motors, I, 2x8-4 
ban, for wood-working machineiy, I 

2x8-4 
ban, grinding races, I, 24x-r 
baU, lubrication, I, 22X-1; IV, 246-2 
ban, mounting, I, 2x5-1 
baU thrust, I, 2x2-4 
ban, wear of, I, 2x0-2 
broaching bronze, I, 5XX-4 
adnilating dimensions, I, 309-2 
causes of hot, I, 3x3-2 
coUar, definition, 1, 305-4 
coUar thrust, I, 3x2-4 
design of, 1, 305-4 
direct-current generator, m, 399-5 
efficiency of, m, 2x5-4 
examples of calculation, 1, 3x0-4 
for heavy loads at slow speed, I, 3x7-5 
for overhead cranes, II, 25X-4; 253-4 
friction in, I, 306-5; 3i4-4 
friction loss in electrical machines, V, 

S35'4 
gas engine, m, 285-4 
generation of heat in, I, 307-1 
heated, in generators and motors, in, 2-5 
high-speed, I, 309-4 
hot, indicating by change of color of 

paint, n, 526^^ 
journal, definition of, I, 305-1 
knife-edge, IV, X54-4 
length of, I, 3x0-1 
lubricants, IV, 244-x 
lubrication, I, 280-4; 307-4; 3x4-5 
materials for, I, 307-5 
ofl grooves for, I, 308-r 
overheated, lubrication, IV, 246-4 
phosphor-bronze, V, x2-j 



pressures, aUowable, I, 309-5; 
310-2 
pressures due to belt puU, I, 337-4 
pressures, in bevd gears, I, 362-4 
pressures, in pivot, for swing bridges, I, 

309-4 
protecting from dust, I, 300-/ 
radial ball, I, 2XX-5 
radial, definition of, I, 305-x 
roUer, V, 274-4 
roUer, care ol, V, 278-r 
roUer, friction, V, 277-4 
roUer, Hyatt, V, 275-2 
roUer, Johnson, V, 275-4 
roller, kMds, V, 278-1 
roOer, radial and thrust, combined, V, 

vfS-3 

rofler, radial load, V, 275-j 

roller, taper, V, 275-4 

rofler, thrust, V, 276-2 

rofler, thrust, tapered roUers in, V, 277-2 

roller, Zahn, V, 275-4 

Schiele curve, I, 3XX-4 

self-aligning, I, 305-2 

step, 1, 31X-4 

stepb definition of, I, 305-4 

thrust, 1, 3XX-5 

thrust, allowable load, I, 3x2-4 

thrust, definition of, I, 305-r 

types, 1, 3P5-I 

with rdHng contact, I, 305-r 

with sliding contact, I, 305-j 
Bearing surfaces, scraping, V, 3x9-1 
Beau de Rodias gas engine, IQ, 283-j 
Bedding-m, IV, 532-5 

in molding, IV, 418-2 
Bed, mfs wiring machine, seasoning, V, 
330-5 

planer, testing accuracy, V, X08-5 
Bed-plates, direct-current generator, IH, 

399-3 
Bed-rock, bearing capacity for foundations, 

m, 309-1 
Beech, as fuel, m, 2x9-2 

coefficient of friction in brakes, I, 480-5 

specific gmvity, V, 399-/ 

weight of cord, V, 40X-1 

weij^t per cubic foot, V, 399-r 
Beeswax, as lubricant for metal spiiming, 
V, 460-2 

fiUets in pattern, IV, 537-4 

impressions, VI, 458-2 

latent heat, IV, X69-X 

''resist" for etching, m, 70-4 
Belgian ndU, VI, 5x9-5 
Belgian process, zmc smelting, VI, 564-2 
Belgium, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-5 
BeU-alarm relays, D. C, V, 251-2 
BeU and spigot joint, V, 43-x 
BeU center-punch, n, 38-5 

designating size, IV, 286-4 
BeUied file, m, X20-4 
BeU-Krupp process, IV, 356-4 
BeU metal, I, 3x8-2 

BeU-mouthed bushing for jigs, IV, xxo-4 
BeU-mouthed holes, cause of, in grincflng, 
111,460-4 

cause of, in reaming, V, 238-5 
BeUowa, molders', IV, 4x2-5 
BeU Tdephone Co. primary ceU, I, 252-x 
BeU-weld, VI, 331-3 
Belt-benc^, VI, 223-5 
Belt cements, I, 324-4 

isinglass for, I, 325-x 
Belt conveyors, II, 200-5 

abrasion of belt, II, 201-5 

cleaning belt, II, 20X-4 

decking, II, 202-2 

feeds, II, 202-2 

for stock-rooms, VI, 76-2 
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Bch oonv^on, head puD^, n, 201-4 

in steam plant, V, 153-2 

snub pulleys, n, 302-2 

ipadng of idlers, II, 202-3 

troughing idlers, II, 200-4 
Belt dresstngs, I, 325-J 

effect on belts, I, 327-2 
Belted variable-speed planer, V, 100-3 
Belt fasteners, influence of, on belts, 1, 327-2 

metal, I, 323-4 
Belt guards, V, 302-j 
B«lt^, I, 3iS-^ 

application of, I, 318-j 

arc of belt contact, 1, 334-1 

bearing pressures caused by, I, 337-j 

belt and rope drives compared, I, 339-1 

belt fasteners, I, 323-4; 327-1 

canvas, 1, 3^^ 

causes of belt failures, I, 325-4 

cemented joints, I, 324-2 

cementing in the manufacture, I, 320-4 

cements for, 1, 324-4 

chrome-tanned, I, 319-4 

coefficient of friction, I, 335-4 

comparison of leather, steel, and rope, I, 
329-2 

cone-pulley design, n, 184-2 

cotton duck, I, 328-4 

creeping movements, I, 332-4 

depredation, n, 305-2 

dressings, I, 325-j 

durability, I, 336-4 

effect of dampness, I, 327-1 

effect of weather, I, 338-4 

effideocy, 1, 339-2; m, 216-J 

for bucket elevators, n, 204-1 

for conveyors, 11, 200-j 

guards for, V, 302-5 

hides for, I, 319-2 

high-speed drives, I, 333-2 

horsepower transmitted by, I, 335-1 

idler pulleys, application of, I, 337-j 

indination of lap joint, I, 325-2 

joints in steel, I, 329-4 

joints, strength of, I, 336- j 

joints, wire-dip hinge, I, 324-j 

lacing, I, 331-4 

bdng, rawhide, I, 323-j 

length of, I, 333-4; n, 185-2; V, 183-^ 

manufacture of, I, 319-2 

Navy spedfications, I, 321-j 

oak-tanned, advantages of, I, 337-1 

planer, V, 109-j 

prevention of acddents, I, ii-i 

puUey diameters for, I, 321-2 

quarter-turn drives, I, 330-4 

rubber, I, 327-Ji V, 300-2 

rubber, horsepower transmitted by, I, 

33S-i 
rubber, lacing or splicing, I, 328-1 
rubber, pulleys for, I, 328-5 
srasoning leather, I, 320-5 
sdection of, I, 319-1 
short-lap, I, 319-2 
skle to run next to pulley, I, 322-r 
slip between belts and pulleys, I, 336-1 
slippage, preventing, I, 327-2 
speed and thickness, I, 321-1 
steam-proof, I, 320-j 
sted, I, 328-4 
strength of, I, 336-2 
strength of cemented joints, I, 336-5 
strength of laced joints, I, 336-5 
strength of riveted joints, I, 336-5 
tanning, I, 319-4 

tension due to centrifugal force, I, 338-5 
tension scales for, VI, 223-1 
weight of, I, 321-5 
wire-dip hizige joint, 1, 324-1 
Belt poBeya, V, 180-/ 
crowned, II, ai68-4 



Bdt pulleys, fijrwheel type. III, 162-j 

length of belt on, II, 185-2; V, 183-2 
Belt shifters, mechaniod, I, 334-5 
Bdt-shifting mechanism, planer, VI, 90-4 
Bdt tension, measuring, VI, 223-1 
Bdt-type polishing mafhiafs, V, 126-1 
Bench, bdt-, VI, 223-5 
Benchboard, for control switches, VI, i6s-2 
Bench, draw-, for pipe, VI, 336-4 

hot, for pipe, VI, 337-^ 
Bench drilling machines, designating size, 

IV, 284-4 
Benches, for shops, I, 339-5 

tool, for forge shops. III, 185-4 
Bench lathe, 1, 339-4 

chuck closer, automatic, 1, 342-5 

compound slide-rest, I, 340-5 

countershaft, I, 343-2 

crosfrdide, double-tool, I, 342-2 

definition, IV, 170-5 

grinding attachments, I, 341-1 

headstock, I, 340-1; V, 407-4 

milling attachments, I, 341-5 

motor drive, IV, 449-4 

precision, I, 342-r 

push-spindle grindmg attachment, I, 

341-' 

quills, I, 342-4 

screw-cutting attachment, I, 342-j 

step chuck, I, 343-j 

tailstock, I, 340-4 

thread-chasing attachment, I, 342-2 

turret attachment, I, 342-5 
Bench-mark in surveying, VI, 131-2 
Bench micrometer, IV, 362-1 
Bench molder, IV, 411-1 
Bench switchboards, VI, 140-1 
Bench vises, designating size, FV, 286-2 
Benders (bending machines), I, 343-4 
Bending allowances for thick plates, V, 

361-1 
Bending and torsion combined, VI, 106-2 

Guest's formuU, m, 488-2 

shafting, V, 334-J 
Bending angles and structural shapes, I, 

343-5 
Bending attachments for rhannelmg ma- 
chines, II, 79-5 
Bending diet, I, 344-J 

bending and twisting combined, I, 348-2 

blanking and bending combined, I, 345-2 

compound, I, 345-^; 349-^ 

description, II, 368-4 

design of, I, 345-4 

die-bed for, II, 314-J 

for making five bends, I, 346-4 

for making four bends, I, 345-4 

staple, I, 348-1 

types of, I, 344-4 
Bending machines, designating size, IV, 

285-2 
Bending moments, VI, 104-2 

in beams, I, 264-2 

in crane girders, n, 259-2 
Bending, pipe, V, 28-j 

by hand, V, 28-5 

design of bends, V, 31-2 

location of weld, V, 33-1- 

machine for, V, 39-5 

machine for, power driven, V, 31-1 

pipe with screwed joints, V, 33-2 

radii for pipe bends, V, 28-5; 33-2 

rules and formulas, V, 34-5 
Bending presses, IV, 35-1 
Bending roDs, I, 343-5 

designating size, IV, 285-2 

horsepower, IV, 453-4 

motor drive, IV, 451-r 
Bending stresses, VI, 103-2 

combined with compression, VI, 104-4 

combined with tension, VI, 104-4 



stresses, combined with torsicn, 
VI, 106-2 
Bending test, VI, 230-2 
machine for, VI, 230-5 
on wrought iron, VI, 556-4 
prindple, VI, 224-4 
Bends, pipe, design of, V, 31-2 
effect on flow of air, I, 2:8-4 

expansion, V, 36-5; 7S-J 

radii for, V, 33-2 

rules and formulas, V, 34-5 

with screwed joints, V, 33-2 
Benedict nickel pipe, strength, V, 36-2 
Benedict nickd, U. S. Navy, I, 6^j 
Benefidation of iron ore, IV, 86-j 
Benzbe, boiling point, I, 448-4 

ignition temperature, IV, 45-4 

q)edfic gravity, V, 39^4 

specific heat, V, 401-5 
Benzol, ignition temperature, IV, 45-4 

used in paints, n, 317-1 
Berea grindstones, in, 487-2 
Bemardos welding process, VI, 484-5 
Bcmot file-cutting machine. III, 113-2 
Berrite, I, 350-1 

Bertrand-Thid process, IV, 508-5 
Beryllium, I, 350-2 

in alloys, I, 75-/ 

mdting point, IV, 335-' 
Bessemerizing of matte, n, 305-4 
Bessemer ore, IV, 85-4 
Bessemer pig iron, IV, 83-2; V, 31-4 
Bessemer process, I, 350-2 

add process, I, 351-2 

basic process, I, 351-5 

brief review, IV, 80-5 

converter, I, 350-5 

converter, air pressure for, 1, 351-4; 384-4 

Darby process, I, 353-7 

description of process, I, 350-4 

history, I, 350-2 

in the sted foundry, I, 353-j; VI, 67-2 

mixer, I, 350-5 

recarburizing, I, 351-4 

Thomas-Gilchrist process, I, 351-5 

Tropenas process, I, 353-1 
Bessemer steel, IV, 83-2 

cost compared with open-hearth sted, 
IV, 80-5 

for rivets, V, 369-2 

hardness, IV, 331-2 

nitrogen in, VI 391-5 

pipe for superheated steam, VI, 134-4 

pipe, physical properties, VI, 338-1 
Best-refined iron, VI, 555-2 
Beta iron, IV, 78-4 
Beta rays, V, 331-2 

Betta* process of lead refining, ni, 40-5 
Bevel-gear cutting mnchines, m, 347-2 

automatic, III, 351-2 

formed-tool prindple, m, 347-4 

generating. III, 353-r 

methods of operation. III, 350-2 

mokling-generating principle, III, 349-j 

odontographic prindple, IQ, 348-4 

planer. Ill, 353-2 

prindples of action, m, 347-4 

roughing. III, 354-2 

shaper, HI. 354-5 

spiral type gears, HI, 355-5 

templet, planmg, m, 353-5 

templet prindple. III, 348-5 
Bevd-gear generating machines, m, 353-1 
Bevd-gear hardening machine, m, 381-2 
Bevel-gear planer, m, 353-2 
Bevel gears, I, 353-5 

acute-angle, I, 353-4; 356-2; 357-5 

attachments for turning, VI, iBA-s 

bearing pressures, 1, 362-4 

blanks, 1, 364-2 

calculations, oamples ol, I, 354-4 
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Bevel gears, crown, I, 353-^; 3S8-'; 3S^4 
cutting, in milling machine, m, 326^2 
cutting, offset lor milling, ni, 337-r 
cutting, selecting cutter. III, 326-4 
definitions of tenns, I, 353-2 
design, I, $64-2 
dnwings, I, 364-^; 365-4 
efficiency of, m, 215-4 
"equivalent spur gear," I, 354-1 
fonned cutters for, I, 359-4 
fonnulas, 1, 354-2 
helical, 1, 367-2 

holding for grinding, m, 467-j 
horsepower transmitted, I, 361-2 
intennittent, IV, 74-2 
internal, I, 352-2; 35*-^; 359-' 
internal, how to avoid, I, 359-x 
long addendum, I, 366-2 
materials for, I, 360-2 
milling the teeth, HI, 32S-J 
miter, I, 352-4; 356-r 

obtuse-angle, I, 352-4; 357-i; 357-4 

right angle, formulas, I, 355; 356-1 

skew, V, 367-2 

skew, BarUett, V, $6^3 

skew, Beale, V, 368-2 

skew, cutting, V, 371-2; 373-' 

skew, design, V, 369-2 

skew, formulas, V, 369- j; 371-4 

skew, Olivier, V, 368-2 

skew, pitch surface, V, 367-j 

skew, practical forms, V, 369-2 

skew, pressure angle, V, 373-2 

skew, sliding action, V, 373-2 

skew, tooth proportions, V, 373-2 

skew, types, V, 368-1 

skew, Willis, V, 368-j 

spiral type, 1, 367-2; V, 470-4 

spiral type, addendum, V, 474-j 

qiiral type, calculations, V, 476-1; 478-2 

spiral type, cone distance, V, 4.76-4 

spkH type, cutter, finishing, V, 475-2 

sptnl type, cutter radii, finishing, V, 476-4 

spiral type, cutter settings, V, 474-4 

spiral type, cutting angle, V, 476-4 

spiral type, cutting teeth, V, 474-j 

spiral t3rpe, direction of rotation, V, 471-2 

spiral type, efficiency, V, 479-2 

spkH type, face angle, V, 476-4 

spiral type, face width, V, 472-4 

spiral type, formulas, V, 476-2; 478-2 

spiral type, formulas, derivation, V, 476-j 

sjpual ^rpe, laying out, V, 477-1 

spiral type, lead, V, 471-4 

q)iral type, machine for cutting, HE, 355-j 

spiral type, pressure angle, V, 473-4 

spiral type, principles, V, 470-4 

spin! type, spiral angle, V, 472-j 

spiral type, thrust, V, 471-2 

spiral type, tooth form and proportions, 

V, 473-4; 476-4 

strength, I, 361-j; 362-1 

teeth, filing, m, 32^1; 352-j 

teeth, involute, I, 359-2 

teeth, octoid, I, 359-5 

teeth, shape of, I, 353-4 

teeth, special forms, 1, 360-r 

teeth, systems, I, 359-2 

teeth, testing, m, 329-2 

thrust pressures of, I, 363-4 

Tiedgold's approximation, m, 347-5 

types of, I, 352-4 

use of irtorking cutter, m, 329-r 

worm, I, 367-2 
Bevel-gear shaper, m, 354-j 
Bevel-gear templet planing machines, m, 

352-5 
Bevel-gear turning lathe, IV, 179-5 
Beveling, for autogenous welding, VI, 475-5 
Bevel mill, definition, IV, 368-2 
Bevel protractor, V, 178-4 



Bevels, designating size, IV, 287-z 
Bicarbonate of soda, VI, 477-x 

as a fire extinguisher, HI, 143-4 
Bicarbonates, removing from boiler feed 

water, I, 403-4 
Bichromate cell, I, 250-j 
Bichromated albumen, preparing, m, 71-4 
Bicycle chain, lubrication, IV, 246-2 
Bicyde cord, VI, 530-1 
Bilgram valve diagram, VI, 381-5 
Bin«t tnd bar pAues, I, 369-2 

diamond grooves, I, 370-5 

effect of fins, I, 371-2 

Gothic grooves, I, 370-4 

laying out billet grooves, I, 370-2 

number of passes, I, 369-2 

oval grooves, I, 371-r 

reduction diagnun, I, 369-4 

round grooves, I, 370-4 
Billet containers for extrusion presses, m, 
81-2 

electrically-heated, m, 82-r 

special, IQ, 82-5 
Billet, definition, V, 282-4 
Billet heating furnaces, in, 228-5 
Billet miU, V, 282-4 

Billet, pipe, finishing pierced, VI, 335-2 
Bi-metallic wire conductors, VI, 31 1-4 
Binders, brass foundry molding, I, 496-2 
Binders, core, n, 209-j 
Binders, electrical insulation, IV, 65-j 
Binding shoes in jigs, IV, 123-4 
Bins, storage, walls for, VI, 92-5 
Bipolar D. C. genontors. III, 400-2 
Bipolar magnetic chucks, IV, 291-4 
Bipdar magnets, IV, 205-j 

lifting capacity, IV, 206-4 
Birch, as fuel, m, 219-2 

for patterns, IV, 536-2 

for patterns, dowels, IV, 538-j 

specific gravity and weight, V, 399-r 
Birmingham wire gage, VI, 509-2 

table, VI, 508-x 
" Bisbee" converter, II, 206-x 
Bismiifh, I, 371-4 

alloys, etching reagent, IV, 355-x 

allc^ fusible, m, 268-2 

aOoys, melting points, IV, 336-x 

bcnling pomt, I, 449-x 

bixmxe, I, 372-2 

flux for soldering, V, 387-4 

hardness, m, 538-r 

heat expansion, m, 541-5 

impurity in copper refining. III, 34-2 

latent heat, IV, 169-x 

mdting point, IV, 335-x 

shrinkage allowance, IV, 540-2 

solder for, V, 387-4 

specific gravity and weight, V, 398-5 
Bisulphide, carbon, ignition temperature, 

IV, 4S-4 

latent heat, IV, 169-x 

spontaneous combustion, V, 480-5 
Bit-brace reamers, designating size, IV, 

286-x 
Bit-brace taps, I, 372-2 

definition, VI, 203-5 
Bitumastic enamd, I, 372-5 
Bitaminotis coal, II, 145-2; m, 218-5 

angle assumed by pile of, VI, 92-4 

firing under boilers, I, 412-x 

producer gas from. III, 315-5 

smokdess combustion, n, X71-X 

qtecifications, 11, 145-4 

specific gravity, V, 400-1 

volume of known weight, V, 401-x 

weight of known volume, V, 401-x 

weight per cubic foot, V, 400-1 
Bivalent, definition, II, 95-x 
Black diamond, n, 31X-X 

for truing grinding wheels, m, 479-5 



Blackening cores, II, 212-x 
Black finish, on brass, n, x66-4 

on iron and sted, II, 160-5 
Bladk-heart malleable iron, wdding, V^ 

47&-4 
Black japans, n, 2x7-4 

Black latten. IV, 188-5 

Black lead, V, 120-2 

as a lubricant, IV, 251-4 

crucibles, n, 269-2 
Black lignite, n, 145-5 
Black nickd plating, m, 44-5 
Black oak, weight of cord, V, 401-x 
Black ofl finish, on iron and steel, II, 160-4 
Black-plates, VI, 289-2 
Black-print, I, 372-4 

paper for, I, 394-5 
Black sand, foundry, IV, 427-4 
Black shellac, IV, 538-4 
Blacksmith shop arrangement, m, x8o-r 
BUckunitfa ahop •qnipmant* m, i8o-x 

anvils, 1, 102-4 

anvils, selection, m, i8r-x 

forges, m, 177-X 

forges^ oil, m, 179-5 

forges^ wdding, VI, 469-5 

tod benches, in, 185-4 
Blacksmith shop floors, m, 159-2 
Bladramitfaa' tools, I, 372-4 

breaking-down tools, I, 374-5 

cMsds, I, 373-5 

designating size, IV, 286-5 

flatters, I, 374-4 

fullers, I, 375-2 

gouges, I, 373-5 

hammers, I, 373-x 

hammers, sted for, n, 274-x 

hardening, I, 376-2 

bardie, I, 373-4 

mandrels, IV, 317-4 

mandrels, taper (cone), I, 375-5 

acts, I, 374-4 

sted for, I, 374-5; VI, 3or-2 

sted for, carbon content, I, 557-5 

surface plates, I, 375-5 

swage bkKks, I, 375-^ 

swages, I, 374-x 

taps, I, 372-4 

toogs, I, 375-4 
Black wash for cores, II, 211-4 
Blades, band-saw, care of, I, 243-4 
Blades' controlling device, II, 186-5 
Blades, fret-saw, designating size, IV, 285-4 
Blades, hacksaw, m, 491-x 

designating size, IV, 285-4 

for machine use, m, 493-4 
Blades, shear, angles of, V, 355-4 

sted for, II, 274-x 
Blades, steam turfohie, metals used for, VI, 

58-2 
BUnc fixe, II, 214-4 
Blanchard lathe, I, 376-4 
Blanched copper, I, 377-x 
Blank diameters, for drawn shells, n, 408-4; 

411-X 
Blank-holder, for drawing dies, n, 413-5 
Blanking and bending dies, combined, I, 

345-^ 
Blanking, arch power press for, V, 15 1-2 

indinable press for, V, 150-5 
BlanMng dies, II, 363-5 

ann^Kng die blfuik, II, 343-2 

clearance, angular, II, 349-2 

clearance between pundi and die, II, 

348-4 
combined with bending dies, I, 345-2 
compound, 11, 356-5 
cutting the opening, n, 347-2 
description, n, 363-5 
diemakers' damp, n, 347-x 
filing, n, 347-4 
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Blanking dies, fitting punch to die, n, 

349-3 

follow dies, n, 353-1 

for washers, n, 345-J 

guide pins, n, 355-^ 

laying out, II, 343-3 

materials used, U, 343-r 

methods of making, II, 342-4 

punches for, II, 350-2 

reclaiming worn, II, 354-3 

sectional, n, 356-J 

shear, n, 353-4 

shearing punch through die, n, 349-4 

stoning, II, 348-J 

stripper plates, 11, 354-4 

tandem dies, n, 353-1 

templets, n, 346-2 
Blanire, for bevd gears, I, 364-2 

for drawing elliptical shapes, n, 417-a 

for dra?nng irr^^ilar shapes, n, 418-4 

for files, m, 121-4 

for rectangular drawing, II, 416-2 

for rectangular flanged shells, n, 417-J 

for rectangular tapered shells, n, 4x7-2 

saw, V, 3^2-3 

separating from scrap, VI, 119-1 

stripping, in sub-press dies, VI, 118-5 
Blast, air, for Bessemer process, I, 351-4 

for forge, VI, 469-3 
Blast area, of blower, I, 385-3 

of fans, m, 103-3 
Blast fttmacas, I, 377-j 

air pressure, I, 384-4 

blast, drying and heating, I, 380-4 

blast, stoves for heating, I, 380-4 ' 

bk)wing engines, I, 390-3 

construction, I, 378-2 

electric m, 246-2 

flux, I, 379-4 

for copper, n, 205-2 

for lead, IV, 194-2 

for nickel, IV, 490-2 

freeze-out, I, 380-3 

fuel, I, 379-3 

gases, I, 381-2 

gases, burners for, I, 381-3 

gases for gas engines, I, 381-4; m, 296-3 

Gayley's dry-blast, I, 377-3 

general description, I, 377-3 

history, I, 377-2 

life of furnace lining, I, 379-J 

Ume set, I, 380-3 

lining. I, 378-3 

operation, I, 379-2 

Bcaffokling, I, 380-3 

slag, I, 380-r 

"slip" in operation, I, 380-3 

tuyeres, I, 379-J 

water coolers, I, 378-4 
Bleeder turbine, VI, 57-3 
Blended oils, IV, 245-2 
Blende, zinc, VI, 563-4 
Bliss clutch, n, 137-4 
Blister copper, I, 382-1; n, 204-4 
Blister steel, I, 382-1 

definition, VI, 62-4 
Block brakes, I, 480-1; 483-3 
Block chain, n, 61-2 
Block dutch, V, 156-3 
Block indexmg, IV, 54-3 

on gear-cutting machines, change-gean 
for, in, 337-1 
Blocks (snd tackle), I, 382-2 

chain, IV, 26-j 

chain, woridng loads of, I, 382-3 

differential, IV, 26-2 

differential pull^, I, 383-2 

rope, working loads of, I, 383-3 
Block, planer leveling, V, 107-4 
Block, wire drawing, VI, 5x1-4 
Bloodstone bumishera» I, 521-2 



Bloom, definition, V, 282-3 

Blooming mill, V, 282-4 

Blowers, I, 383-3 
air pressure in, I, 31-3 
applications* I, 384-2 
Argand, use of, m, 227-4 
blast area, I, 385-3 
blowing engines, I, 390-3 
blowing engines, air valves for, I, 392-1 
blowing engines, capacities, I, 39X-2 
blowing engines, efficiency of, I, 392-1 
blowing engines, horsepower, I, 391-4 
capacity area, I, 385-4 
centrifugal, I, 387-1 
centrifugal, capacities of, 1, 387-2 
coefficient of discharge, I, 385-4 
fan, I, 385-J; m, 102-2 
fan, capacities of, I, 387-1 
fan, horsepower of, I, 386-3 
for forced draft, I, 413-4 
gas-engine-driven, I, 392-1 
gas-engine-driven, capacity of, I, 392-2 
gas-engine-driven, efficiency of, I, 392-2 
governors for turbo-compressors, I, 390-j 
location in forge shops, m, 184-2 
mechanical soot, V, X34-4 
motor drive for, HI, xo8-i 
piston design (Root type), I, 388-4 
positive pressure (rotary), I, 387-2 
pressures for Bessemer converters, 1, 384-4 
pressures for blast furnaces, I, 384-4 
pressures for copper converters, 1, 384-4 
pressures for cuiwlas, I, 384-4 
pressures for forced draft, I, 384-3 
pressures for forges, I, 384-3; m, X79-3 
pressures for induced draft, I, 384-3 
pressures for mechanical draft, I, 384-2 
pressures for miscellaneous applications, 

1. 384-4 

pressures of blowing engines, I, 39X-3 

pressures of centrifugal, I, 387-2 

pressures of fan, I, 387-j 

pressures of gas-engine-driven, I, 392-2 

pressures of rotaiy, I, 388-1 

pressures of turbo-compressors, I, 390-1 

pressure type, I, 385-1 

Root, 1, 387-4 

rotaiy, 1, 387-2 

rotaiy, capacity of, I, 388-j 

rotary, efficiency of, I, 387-3 

rotary, horsepower of, I, 387-4 

turbo-compressors, I, 389-3 

turbo-compressors, capacities of, I, 389-4 

types of, I, 383-3 
Blow, force of, I, 392-2 
Blow-holes, n, 26-2 

in babbitt linings, prevention of, I, 200-z 

in brass and copper castings, fiUixig, VI, 

479-J 

in iron castings, n, 26-2 

in manganese steel, IV, 322-j 

in steel castings, VI, 72-4 

In steel ingots, II, 273-1 

locating by X-ra3r5, VI, 562-1 
Blowing engines, I, 384-2; 390-3 

sir valves, I, 392-1 

capacities and pressures, I, 391-2 

capacities and pressures of gas-engine- 
driven, I, 392-2 

cyfinder ratios, I, 391-3 

efficiency, I, 392-1 

efficiency of gas-engine-driven, I, 392-2 

gas-engine-driven, I, 392-1 

horiaontal, I, 391-2 

horsepower, I, 391-4 

long cross-head, I, 390-4 

quarter-crank, I, 390-4 

steeple, I, 390-4 

vertical, I, 390-4 

vertical-horixontal, 1, 391-2 
Blown oils, IV, 244-2 



Blow-off piping, I, 447-2 

Blow-off valve, VI, 385-2 

Blow-out, magnetic, lightning arrester, IV, 

208-4 
Bbwpipe, electric, welding, VI, 484-1 
Blue colors on brass, n, 165-4 
Blue lead, n, 21514 
Blue metal (copper), n, 205-1 
Blueprint cloth, I, 394-3 
Blueprinting machines, I, 392-4 
Blueprinting process, action of, I, 394-4 
Blueprinting, tracings for, VI, 301-3 
Blueprint paper, I, 394-3 

manufacture of, I, 395-/ 

preparing, I, 394-3 
Blneprints, I, 392-3; 11,400-4 

black-print, I, 372-4 

black-print paper, I, 394-3 

ck)th for, I, 394-3 

copying by photography, V, 18-4 

developer for, I, 393-3 

from blueprints, making, I, 393-4 

from heavy bond paper, I, 393-4 

from typewritten copy, I, 393-4 

historical note, I, 395-3 

machines for making, I, 392-4 

making by electric light, I, 393-1 

making paper for, I, 394-4 

manufacture of paper for, I, 395-1 

mounting, I, 394-1 

nigrosine paper, I, 394-3 

of photographs, V, 18-3 

oil-pzoofing, I, 394-2 

over-exposed, I, 392-4; 393-3 

paper for, I, 394-3 

photographs of, I, 394- 1 

photostating, V, 19-2 

preparing doth for, I, 394-4 

process for making, I, 394-4 

sensfrizing paper for, I, 395-1 

under-exposed, I, 393-3 

varnished, I, 392-4 

washing, I, 393-3 

water-proofing, I, 394-2 
Blue-stone for laying out, IV, 190-2 
Bluing iron and steel, IV, 498-1 
Bluing process, niter, n, 162-2 
Blunt file, definition, m, 120-4 
Board, bristol, n, 421-4 
Board clamps, drop-hainmer, n^ 507-3 
Board-damp tyitt of drop-hammers, II, 

500-J 
Board drop-liammers, n, 500-2 

automatic knock-offs, II, 502-4 

board damps, control, 11, 507-3 

board damps, floating, 11, 507-4 

board clamps, location, II, 508-2 

board-damp type, II, 500-2 

board for, II, 50X-J 

bottom stop for friction bar, n, 504- 1 

bottom trips, U, 502-4 

catch-up type, n, 500-2 

compared wiUi steam drops, n, 482-1; 

512-4 
cross-adjustment, II, 501-2 
eccentric adjustment, n, 506-3 
foot-treadle control, n, 500-3 
foundations, n, 5x0-4 
frame design, II, 509-2 
geared drive for friction rolls, n, 506-4 
general construction, II, 500-3 
hammer elevating mechanism, n, 500-4 
head or lifting mechanisms, n, 506-1 
latch type, II, 500-2 
lifting board, n, 50X-7 
method of joining board to hammer, II, 

509-^ 
ofl guards for friction rolls, II, 507-2 
roll-releasing mechanisms, n, 505-1 
weights of hammer and base, n, 501-2 
where developed, IV, 283-4 
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Board measure, I, 395-j 

weight of wood by, V, 401-1 
Bodies, solid, specific gravity, V, 398-a 
Boiler check-vahre, locomotive, IV, 236-3 
Boiler oode, A. S. M. E., I, 432-2 
Boiler dome, pattern drafting, V, 357-2 
Bofler drmns, cross-over connections, V, 

€4-2 
Boiler feeding and regulating devices, I» 

39S'4'f V, iss-i 
Boiler feed piping, V, 140-j 
Boiler feed pumps, I, 395-4; V, 136-3 
BoUar feed water, I, 396-j 

alkali carbonates in, I, 397-1 

calcium carbonate in, I, 39C-J 

caldum sulphate in, I, 396-4 

carbonate <^ lime in, I, 396-j 

carbonic add in, I, 396-4 

corrosion due to, I, 39S-J 

filters for, I, 400-4 

foaming, I, 399-r 

grooving due to, I, 398-4 

gypsum in, I, 396-4 

hardness of, I, 399-2 

heaters, I, 407-2; II, 525-4 

honey-combmg due to, I, 39S-4 

impurities in, I, 396-j 

incrustation, I, 397-5 

injector, IV, 59-1 

inspirator, IV, 59-4 

five steam purifiers, I, 404- j 

magnesia in, I, 396-4 

magnesium carbonate m, I, 396-4 

magnesium chloride in, I, 397-x 

magnesium sulphate in, I, 396-4 

oil separators for, I, 402-j 

pitting due to, I, 39S-4 

purification, I, 400-3 

purification by chemical means, I, 405-J 

purification by heat, I, 403-4 

purification by lime process, I, 405-j 

purification by soda process, I, 405-2 

scale prevention, I, 397-4 

settling tanks for, I, 400-5 

silica in, I, 397-j 

skimming devices for, I, 402-2 

soda ash in, I, 397-J 

sodium carbonate in, I, 397-1 

sodium chloride in, 1, 397-r 

sodium sulphate in, I, 397-1 

softening plants, I, 406-x 

sulphate of Ume in, I, 396-4 

sulphuric add in, I, 396-4 

testing, I, 399-2 

vacuum separators for, I, 403-2 
Boiler feed-water heaters, I, 407-2 

economizer, n, 525-4 

used as purifiers, I, 404-2 
Boiler funutceg, I, 408-5 

ash-pit, I, 409-1 

brickwork, I, 409-1 

combustion chamber, I, 408-5 

double-azch type, I, 410-2 

Dutch oven type, I, 409-2 

fans for forced draft, I, 4x3-1 

fans for induced draft, I, 413-4 

firebox, 1, 408-5 

firebrick for, I, 409-j 

filing methods, I, 41X-5 

forced draft, I, 413-J 

grate, I, 408-5; 411-J 

grate bars, I, 410-4 

induced draft, I, 4i4-x 

mechanical draft, I, 412-4 

smokeless, I, 410-2 
Boiler heads, spherical, calculating, V, 444-5 
Boiler horsepower, I, 422-j; V, 134-J 
Boiler-makers' tools, sted for, II, 274-x 
Boiler manholes, I, 429-4; 445-i' 
Boiler repairs, oxy-acetylene welding, VI, 

477-i 



Boiler rivet iron, spedficatioii^ I, 437-<> 
Boiler rooms, double-deck, V, 60-2 
BoDerB, I, 4i4-x 

arrangement, in power plants, V, 130-x 

braces, pressed steel, I, 429-2 

bracing, I, 428-5 

brackets, I, 429-4 

calking, I, 528-4 

capadty for different purposes, I, 422-5 

corroai<m, I, 398-5 

depredation, n, 305-2 

effidency, I, 432-2; VI, 29-x 

equivalent evaporation of, I, 422-x 

externally fired, I, 414-x 

factor of evaporation, I, 422-2 

factor of safety, VI, 98-x 

fire-tube, I, 414-2; 4x4-4 

firing, I, 41X-5 

fittings, I, 429-4 

foaming in, I, 399-x 

fusible plugs for, I, 372-2; HE, 268-5 

grate area, I, 423-4 

grooving in, I, 398-4 

hand-holes, I, 429-4 

heads, calculating, V, 444-5 

heating surface, I, 423-2 

honey-combing in, I, 398-4 

horizontal tubular, I, 414-4 

horsepower, I, 422-x; V, X34-X 

incrustation, I, 397-5 

injector, IV, 59-x 

in power plants, V, X33-4 

inspirator, IV, 59-4 

internally fired, I, 4X4-X 

life of, n, 305-5 

locomotive, applying heat insulation, I, 
148-2 

locomotive, assembling, I, X48-4 

locomotive, testing, I, 148-2 

main header connections, V, 63-2 

manholes, I, 429-4; 445-x 

marine, I, 4x7-2 

materials, I, 425-2; 432-2 

materials, testing, I, 425-5; 433-5 

mechanical draft, I, 412-4 

nozzles, I, 429-4 

oQ-bumers, IV, 502-2 

pitting m, I, 398-4 

plate, thickness of, I, 426-x 

plate, wrought iron, testing, VI, 557-2 

power of, I, 422-x 

priming in, I, 420-2 

rate of combustion, I, 423-4 

rate of evaporation, I, 423-4 

rating, I, 423-5; V, 134-' 

repairs by welding, VI, 477-5 

riveted joints, I, 427-5; V, 272-2 

riveted joints, effidency, 1, 439-5 

scale prevention, I, 397-4 

scale removal, I, 398-x 

setting, I, 430-x; V, X34-2 

spedfications, A. S. M. E., I, 432-2 

staybolts, V, 544-4; VI, 232-x 

steam generation in, I, 4x9-2 

steam space, I, 424-x 

superheater for, I, 4x8-x; VI, X23-4 

surface combustion, VI, X26-5 

testing, 1, 430-5 

tubes, I, 427-4; 438-4 

tubes, beading, VI, 34X-X 

tubes, expanding, VI, 340-x 

tube sheets, I, 429-x 

wasting of, I, 398-4 

water space, I, 424-x 

water-tube, I, 4x4-2; 4x6-4 
Boiler settings, I, 430-x; V, X34-2 
BoUtf spedllcatioiiB, 1, 432-2 

blow-off piping, I, 447-2 

boiler supports, I, 447-4 

boiler tubes, I, 438-4 

braced surfaces, I, 441-x 



Boiler spedfications, braces, material, I, 
432-5 
calking, I, 445-x 
cast-iron beulen, 1, 444-5 
circular flues, I, 444-5 
covers, material, I, 432-5 
cross pipes, matexial, I, 432-5 
crown bars, I, 443-5 
diagonal stays, I, 442-5 
effidency of boiler joint, I, 439-5 
effidenc y of ligament, 1, 440-x 
feed piping, I, 447-5 
firing doors, I, 448-x 
furnaces of vertical boilers, I, 444-2 
gage-oocks, I, 446-4 
ghder sUys, I, 443-5 
gray-iron castings, I, 436-2 
gusset stays, I, 442-5 
heads, concave, I, 440-4 
heads, convex, I, 440-5 
hydrostatic pressure test, I, 448-x 
joints, circumferential, I, 439-4 
joints, longitudinal, I, 440-x 
joints, wdded, I, 439-4 
ligament, effidency of, I, 440-x 
malleable castings, I, 436-4 
manholes, I, 445-x 
mud drums, material, I, 432-5 
plates, minimum thickness, I, 432-4 
plate steel, I, 433-2 
rings, material, I, 432-4 
riveting, I, 444-4 
rivet iron, I, 437-2 
rivet kKation, I, 439-5 
rivets in brace, I, 442-4 
rivets, material, I, 432-5 
rivets, strength, 1, 432-4 
rivet sted, I, 434-2 
safety valves, I, 445-4 
staybolt iron, I, 437-4 
staybdts, I, 44X-2 
staybolts, material, 1, 432-5; 434-4 
stayed surfaces, I, 44X-X 
staying of heads, I, 44X-4 
stay tubes, I, 443-4 
steam domes, I, 440-2 
steam gages, I, 447-x 
steam mains, I, 447-2 
sted bars, I, 434-4 
sted castings, I, 435-5 
sted plates, material, I, 432-2 
sted plate, strength, I, 432-4 
stop valves, I, 447-2 
superheater, material, I, 432-4 
threaded holes, I, 445-4 
tube holes, I, 444-4 
tube sheets of combustion chambers, I, 

444-1 

tubes, minimum thickness, 1, 432-4 

wash-out holes, I, 445-5 

water-colunm i^pes, I, 447-4 

water-glasses, I, 446-4 

working pressures, I, 439-2 

wrought-iron bars, I, 438-2 
Boiler staybolts, V, 544-4 

testing, VI, 232-x 
Boiler staybolt taps, V, 544-2 
Boiler sted, strength of, VI, 98-5 
Bofler taps, I, 448-2 

patch-bolt, IV, 523-x 
B<^er tabes, I, 427-4 

beading, VI, 34X-X 

designation of size, V, 24-4 

expanding, VI, 340-x 

lap-wdded and seamless, I, 438-4 
Boiling point, I, 448-4 

of common metals, I, 449-x 

of miscellaneous substances, I, 448-4 

test of oils, m, 298-x 
Bolometer, V, 219-4 
Bolsters or die-beds, n, 3x2-2 
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Bolt damping devices, II, 125-1 

Bolt croppen, designating size, IV, 286-j 

Bolt cutters, I, 449-1 

designatixig size, IV, 285-a 

horsepower, IV, 4S3-/ 

staybolt, I, 450-2 
Bolt ends, 8to<^ required for upsetting, I, 

456-1 
Bolt forgliic, I, 450-2 

dies for, I, 453-4 

heading, I, 451-2 

heading machine dies, steel for, n, 274-j 

heading machines, hammer tyjie, III, 

heading machines, horsepower, IV, 453-2 

heading, stock required for, 1, 453-J 

historicsd note, I, 450-2 

machines, continuous motion, I, 451-4 

machines, types, I, 450-4 
Bolt-head pockets in foundations, m, 208-1 
Bolt holes, toob for punching, V, 214-3 
Bolt pointing machines, I, 453-j 

horsepower, IV, 453-1 
Bolts, I, 453-4; V, 327-x 

automatic pistol, profiling, V, 175-1 

automobile, V, 327-4 

carriage, 11, i-j 

chamfering, I, 453-2 

clamping, planer, V, 11 5-4 

cylinder-head, engine, VI, 34-4 

foundation (pillar crane), 11, 241-5 

general classification, V, 327-j 

hook-, for jigs, FV, 103-2 

length of thread on, I, 453-4 

materials for, I, 453-4 

pitch of, for water and steam joints, V, 

44-4 

pointing, I, 453-2 

S. A. E. standard, V, 327-4 

stove-, taps for, VI, 93-2 

stud-, V, 325-j 

tap-, V, 325-^ 

types of, I, 453-4 

U. S. standard, I, 454-1 

Whitworth standard, I, 455-1 

working strength of, I, 454-4 
Bolt shears, horsepower, IV, 453-1 
Bolt-threading machines, designating size> 
IV, 285-2 

horsepower, IV, 453-J 
Bomb cabrimeter, I, 530-j 
Bond for grinding wheels, I, 456-2; m, 

471-4 
Bonding coatings, Schoop process, V, 318-j 
Bond paper, electric insulating, IV, 66-2 

insulating value, IV, 6i-j 
Bond paper, making blueprints from, I, 

393-4 
Bond's formula, U. S. threads, VI, 265-4 

Bone black, n, 214-4 

Bone, charcoal, and leather mixture for 

casehardening, II, 6-j 
Bone for pack-hardening, IV, 514-2 
Bone naphtha, IV, 486-4 
Bone oil, IV, 486-4 
Bonnet, pipe fitting, V, 43-1 
.Bontempi metal protecting process, I, 244-4 
Bonus system, I, 456- j; IV, 314-1; VI, 

442-2 
Boom (pillar crane) calculation, n, 239-2 
Booster-converter, synchronous, n, 194-j 
Boosters, electric, IV, 457-4 

carbon regulator, I, 262-5 

definition, V, 531-^ 

Entz, I, 262-5 

for storage batteries, I, 262-1 

Hubbard, I, 262-5 

negative feeders with and without, to 
prevent electrolysis, m, 32-2 

used with synchronous converters, II, 

194-5 



Boosters, for gas, blower pressure for, I, 

385-1 
Booth, sand-blast, V, 311-2 
Borax, I, 457-2 

flux, m, 159-5 

flux for hard soldering, V, 393-4 

flux for welding, VI, 470-j 

specific gravity and weight, V, 400-j 
Boring, IV, 185-J 

crankpin holes, quartering machine, V, 
226-4 

(drilling) deep holes, n, 446-4 

driving wheel tires, IV, 228-5 

elliptic, m, 54-4 

holes at an angle, IV, 135-5 

indicating work for, W, 221-5 

in the Uthe, IV, 185-1 

locating precision work for, IV, 217-4 

locomotive cylinders, IV, 225-1 

operations in boring mill, I, 473-4 

ovals (elliptic boring), m, 54-4 

several holes simultaneously, IV, 135-4 

spherical, V, 449-2 

spherical, in boring mill, V, 451-5 

tapers in turret lathe, VI, 186-2 

usbg finished hole as guide, IV, 136-2 
Boring attachment, for tapers, VI, 187-/ 

radius, for turret lathe, V, 449-2 
Boring-bsrs, I, 464-4 

adjustable, VI, 345-4 

application to jigs, IV, 133-1 

cutters, dimensions, I, 466-j 

designating size, IV, 285-5 

fadng-heads, designating size, IV, 285-5 

for deep-hole drilling, II, 447-2 

for locomotive cylinders, IV, 225-1 

for undercutting, facing, and boring, I, 
462-4 

for vertical boring mill, i, 463-4 

for vertical turret lathe, I, 463-2 

general points in design, I, 464-x 

miscellaneous types, I, 461-2 

portable, I, 466-4 

radius, V, 450-1 

single-point, I, 459-2 

spherical, V, 450-1 

with provision for cutting lubricant, I, 
460-r 

with traversing cutter heads, 1, 465-4 
Boring bench, IV, 179-4 
Boring heads, I, 460-2; 461-2 

eccentric, II, 5x8-/ 

for deep-hole drilling, II, 450-1 

"hog-nose," II, 453-5 

offset, n, 5x8-1 
Boring Jigs, IV, 133-1 

adjustable, IV, X34-5 

boring-bars, IV, 133-r 

for holes at an angle, IV, 135-5 

for several holes simultaneously, IV, 

135-4 
supported by the work, IV, 134-4 
types. IV, X33-^ 
Boring machines, I, 469-2 
boring and turning lathe, IV, 179-4 
boring and turning machines, 1, 469-2 
boring, drilling, and miUmg machines, I, 

469-2; IV, 397-'* 
boring, drilling, and milling machines, 

horsepower, IV, 45X-4 
boring, drilling, and tapping machine, 

driving mechanism, V, 4x5-1 
boring, drilling, and tapping machine, 

feed mechanism, V, 418-1 
boring, forming, and turning lathe, VI, 

355-^ 
car-wheel, 1, 476-2 
Coriiss cylinder, I, 478-2 
cylinder, feed mechanism, V, 439-4 
desigxiating size, IV, 284-4 
early British, IV, 278-4 



Boring machines, horizontal, I, 476-5 
horizontal cylinder, I, 478-j 
horizontal, feed mechanism, V, 430-5 
horizontal, floor type, I, 477-4 
horizontal, two-spindle, I, 478-5 
horizontal, with vertical table adjustment, 

1,477-5 
horsepower, IV, 451-5 
motor drive, IV, 446-4; 450-5 
quartering, I, 479-2 
turret lathe type, I, 470-5 
vertical boring and turning mill, I, 469-2 
vertical boring mill of extension type, I. 

475-4 

vertical cylinder, I, 476-j 

wood, in pattemmaking, IV, 535-4 
Boring mills, I, 469-2 

aligning parts of, I, 145-2 

application of, I, 470-5 

application of side-head type, 1, 475-J 

arbors, vertical, I, 1x5-5 

arbors, vertical threaded, 1, 120-5 

boring-bar for, I, 463-4 

boring operations, I, 473-4 

boring tools, I, 457-2; 473-4 

crowm'ng pulleys in, I, 475-2 

designating size, IV, 284-2 

eccentric turning fixture for, n, 523-2 

extensbn type, I, 475-4 

feed trip, VI, 9X-5 

holding work in, I, 47X-2 

motor drive, horsepower, IV, 448-/; 452-4 

mounting work in, I, 470-4 

rams, scraping, V, 322-j 

reamer holders, V, 237-2 

side-head, VI, 350-5 

side-head taper attachment, VI, 192-4 

spherical boring in, V, 451-5 

spherical turning in, V, 45X-5 

taper attachment, VI, 191-2 

testing setting of tools, I, 471-2 

turning a fl3rwheel, I, 474-5 

turning conical surfaces, VI, 189-2 

turning in, I, 47X-4 

turning tapoed surfaces, I, 472-5 

turning tools, I, 472-4 

turret lathe type, I, 470-5 

vertical, I, 469-2 

vertical, driving gears, V, 431-4 

vertical, turning tool, VI, 349-4 

where first used, IV, 283-4 
Boring tools, I, 457-2 

adjustable, I, 458-2 

boring-bars, I, 459-^; 46X-2 

combined with test plug, IV, 218-2 

designating size. IV, 285-4 

for boring and facing, I, 459-2 

for deep holes, II, 449-4 

for engine lathes, I, 457-4 

for horizontal boring machines, I, 460-2 

for horizontal turret lathe, I, 459-x 

for jig work, I, 458-5 

for lathe, IV, 181-2 

for vertical boring mill, I, 473-4 

miscellaneous types, I, 46X-2 

points in design, I, 464-1 

recessing tools, I, 467-r 

single-point, I, 457-2 

steel for, II, 274-2 
Boro-carbone, I, 4-4 
Boron, I, 479-2 

bronze, I, 479-4 

in copper castings, 11, 207-5 

influence on cast iron and steel, I, 479-5 

melting point, IV, 335-1 

specific gravity and weight per cubic inch, 

V, 398-J 
Boronized copper, II, 207-5 

Bort, I, 479-4; 11,311-1 
Brazilian, n, 3x1-5 
for truing grindmg wheels, ID, 479-5 
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Bosh ci blast furnace, I, 377-4 

Bofiton ho6e thread, IV, $2-4 

Bottle capa, gang press for making, V, 155-J 

Bottle molds, cast-iron, VI, 416-2 

Bottoming taps, m, 507-j 

Bower-Baiff's metal protecting process, I, 

244-2 

Bow pens, draftsmen's, n, 403-2; 403-4 
Box-body chucks, designating size, IV, 285-4 
Boxed work, pattemmaking, IV, 544-1 
Boxes, driving-wheel, IV, 230-4 
Boxes for casehardening, II, 4-2 

for small parts, metal, VI, 76-2 

packing, for export, IV, 520-r 
Box girders, 11, 258-4 

design, n, 259-j 

general dimensions, 11, 260-1 
Box jigs, IV, ix8-j 

description, IV, 119-x 

design, IV, 128-5 
Box-pass, V, 283-2 
Box piles, in wrought-iron manufacture, VI, 

SS8-J 
Box tods, VI, 364-3 

automatic screw machine, 1, 157-' 

cutters, cutting-angles for, I, 16^4 

cutters, holding and adjusting, I, 157-4 

cutters, radial, I, 157-2 

cutters, secdons of steel used for, 1, 161-2 

cutters, tangential, I, 157-2 

designating size, IV, 285-4 

supports, application of, I, 158-4 

supports, holding and adjusting, I, 159-5 

turret lathe, VI, 364-j 
Boxwood haiomers, designating size, IV, 

286-5 
Boxwood, q>edfic gravity and weight, V» 

399-1 
Box wrench, VI, 553-2 
Boyer pneumatic hammer, V, 12 1-4 
Boyle's law, III, 307-1 
Braced girders, n, 258-4 

design, II, 261-j 
Braced surfaces, boilers, I, 441-x 
Braces, boiler, I, 428-4 

matedal, I, 432-j 

pressed sted for, I, 429-2 
Braces, planer, V, 116-1 
Braces, ratchet, designating size, IV, 286-2 
Brackets (arithmetic and algebra), m, 

203-4 

Brackets, for boilers, I, 429-4 
for electric motors, IV, 453-5; 455-^; 

457-5 
Bradley metal protecting process, I, 244-4 
Brads, IV, 486-j 
Brake horsepower, IV, 32-r 

steam engine, VI, 32-2 

steam turbine, VI, 59-1 
Brakes, I, 479-4 

Alden, I, 6o-j 

automatic, I, 484-2 

band, I, 481-1 

band, constants, n, 250-5 

band, formulas for, I, 482-1 

block, I, 483-5 

dam-shell, I, 483-5 

classes of, I, 480-1 

coeffident of friction, I, 480-5 

con, I, 487-5 

design, procedure in, I, 480-2 

differential band, I, 481-1; 482-1 

disk, I, 484-5; 486-2 

dectric, I, 488-5 

electric, dynamic, I, 488-5 

energy absorbing capadty, I, 480-1 

fan (dynamometer), II, 516-5 

lining, asbestos, I, 480-5 

on crane motors, IV, 436-2 

overhead crane, II, 249-2 

overhead crane, band, II, 250-2 



Brakes, overhead crane, damp, II, 250-2 

overhead crane, combination solenoid 
and mechanical, n, 249-4 

overhead crane, mechanical, n, 251-2 

overhead crane, pawls, II, 251-5 

overhead crane, screw, n, 251-2 

overhead crane, solenoid, II, 249-5 

overhead crane, strap, II, 250-2 

Prony, II, 513-4 

Prony, applied to steam engine, VI, 32-4 

Prony, reading, II, 514-2 

Prony, simple type, VI, 32-2 

ratchet pawk for, I, 488-2 

retaining, I, 484-2 

safety, I, 484-2 

single-acting band, I, 481-1; 482-2 

solenoid, I, 488-4 

water (dsmamometer), n, 516-r 

Weston, I, 484-5 

with V-grooved pullq^ I, 483-2 
Bnunah press, IV, 34-5 
Branch, pipe fittings, V, 43-j 

eU, V, 43-x 

pipe, V, 43-2 

tee, V, 43-2 
Brandon's file-cutting machine, m, 112-2 
Brasque, I, 490-1 
Brass, I, 490-j 

aluminum, I, 74-j ' 

annealing, in, 222-2 

annealing for drawing operations, II, 
420-2 

annealing, in metal spinning, V, 459-4 

annealing shells, n, 41 1-2 

balls, uses for, I, 225-4 

brazing, I, 502-2 

burnishing, I, 522-4 

butt wdding, power required, VI, 494-4 

castings (see also "Brass castings"), I, 
49^-1 

chasers for threading, n, 89-j 

chips in cutting lubricant, IV, 254-4 

clearance between punches and dies for 
blanking, n, 348-4 

coeffident of friction, m, 215-2 

coeffident of heat transmission, m, 

54W 
coloring, n, 164-2 

composition, I, 490-2; 494-4; VI, 99-5 
composition, for metal spinning, V, 460-5 
cost of sprasring, Schoop process, V, 318-5 
cylinders, allowable stresses, n, 302-2 
definition, I, 66-2 
die<astings, n, 339-4 
distinguishing different kinds by color, I, 

490-4 
dowels for patterns, IV, 538-2 
drilling, feeds for, V, 440-5 
drilling, lubricant for, IV, 254-1; 255-2 
■ drilling, speed for, V, 440-r; 441-r 
electric soldering, V, 395-2 
etching, m, 70-4; 71-2; 72-2 
etching reagent, IV, 353-5 
factor of safety, VI, 98-2 
flux for soldering, V, 387-4 
for brass foundries, I, 494-2; 494-5 
for die-pressed castings, II, 359-2 
for extrusion, m, 90-j 
for herringbone gears, m, 549-5 
for pipe unions, V, 41-2 
for springs, V, 500-1 
foundry practice (see also "Brass 

foundry"), I, 491-J 
gears, V, 512-5 
grinding wheels for, m, 469-/; 470-1; 

485-5 
grinding, work speed for, m, 469-1; 

470-1 
hammers, m, 498-4 
hardness, m, 538-r 
heat expansion, lU, 541-5 



Brass, indicating on drawings, n, 427-4 
influence of high temperatures, VI, 125-5 
in machine construction, VI, 100-2 
h«», IV, 158-5 
latten, IV, 188-5 
letters for patterns, IV, 539-x 
lining, pump cylinder, V, 192-5 
manganese, IV, 318-2; 319-1 
Mannheim gold, IV, 326-j 
mdting furnace for, m, 225-1; 226-4 
mdting m dectric furnace, HE, 255-5 
mdtmg point, 11, 207-2; IV, 335-5 
milling cutter for, IV, 369-4; 370-5 
milling speed, V, 438-z 
modulus of elastidty, V, 493-5 
Muntz metal, IV, 485-2 
nameplates, etching, m, 71-4 
naval, I, 67-4 
Parsons white, I, 494-1 
parts, dip for polidiing, V, 126-4 
parts made by hydraulic pressure, m, 

90-5 

patterns, IV, 550-2 

pipe (see also "Brass pipe and tubing"), 
V, 22-4; 25-4; 27-r 

planmg, q)eed for, V, 99-/; 437-2 

planing, tool for, V, 114-2 

plating, m, 46-r 

plating, die-castings, m, 48-5 

polishing, V, 126-2 

rods, machine for casting, V, 272-4 

rolling mill, I, 497-2 

sawing lubricant, IV, 255-2 

shrinkage allowance, IV, 540-x 

solder for, V, 386-4; 387-4 

soldering flxix for, V, 391-4 

spedfic gravity, V, 398-5 

specific heat, V, 401-5 

spdter, VI, 566-2 

spinning, spoed for, V, 454-r 

spinning, tools for, V, 457-4 

sterro metal, VI, 74-5 

strength of, I, 490-5; VI, 97-j; 99-5 

tapping, sted for taps, VI, 214-4 

tapping, torque required, VI, 202-1 

taps for, VI, 2ZO-5 

thread, ornament size, VI, 277-5 

Tobin bronze, VI, 292-4 

turning, lubricant, IV, 253-5 

turning, speed for, V, 433-2 

turning, tools, IV, x8i-2 

U. S. Navy, I, 68-j 

vanadium in, VI, 4x6-/ 

weight per cubic inch, V, 398-5 

wdding, VI, 479-2 

white, composition, I, 298-2 

wire, I, 490-5 

wire, drawing, VI, 513-5 

wire for wire forming, VI, 517-2 
Brass castings, I, 491-j 

alloys for, I, 494-1 

deaning, I, 496-5 

cores, II, 209-5 

cores, nuking, I, 496^2 

cost of, I, 491-5 

die-cast, n, 339-4 

filling blow-holes in, VI, 479-5 

grinding wheels for, HE, 469-1; V, 386-2 

inspection, I, 496-4 

molding, I, 495-4 

oxidation of, I, 495-5 

percentage of good, I, 491-2 

solution for deaning, V, 2x-r 

weight of, from patterns, IV, 550-4 
Brass composition, 1, 66-2 
Brasses, crown, IV, 23X-4 
Brass forces for embossing dies, m, X74-5 
Brass founden' ague, VI, 566-4 
Brass foundry, I, 491-1 

alloys used, I, 494-1 

deaning m stings, I, 496-5 
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Brass foimdry, core making, I, A^2 

core sand, I, 496-j 

cost of castings, I, 491-j 

crucibles, I, 493-a 

difference between brass and iron foundry 
practice, I, 491-2 

furnaces, I, 491-4; HI, 326-4; ^SS'3 

inspection, I, 496-4 

laboratory, I, 496-4 

melting, I, 494-4 

molding, I, 495-4 

molding machines, I, 496-J 

operating coke-fired furnace, I, 495-a 

oxidation, I, 495-5 

percentage of good castings, I, 491-^ 

possible improvements, I, 497-1 

sands, I, 496-2 
Brass furnaces, I, 491-4 

electric, in, 355-j 

firebrick for. III, 139-r 

tilting, m, 336-4 
Brass lathe, IV, 179-1 
Brats pipe and tubing, V, 35-4; 27-1 

dies for drawing, I, 499-4 

expansion, V, 71-4 

fittings, specifications, V, 42-2 

making, I, 498-2 

number of threads on, m, 307-j 

Bfaunlesn, table, I, 500-r 

q>edfications, I, 499-4 

strength, V, 33-4 

swaging, VI, 137-j 

taps for, in, 307-J 

thread, VI, 377-j 

unions, V, 41-j 

weic^t of, V, 33-4 
Br«M folUng mill, I, 497-2 

crucibles, I, 497-2 

dies for tube drawing, I, 499^ 

draw-benches, I, 499-j 

fluxes, 1, 497-4 

fuels, I, 497-2 

furnaces, I, 497-2 

Mannesmann process, I, 49S-4 

melting, I, 497-j 

molds, I, 497-5 

pouring, I. 497-3 

rod mill, I, 498-5 

sheet rolling, I, 498-1 

tube drawing operations, I, 498^ 

tube mill, I, 498-2 

wire mH], 1, 498-5 
Brued brass tubing, making, I, 498-2 
Brazilian bort, n, 31 1-5 
Brazilian corundum, n, 319-5 
BrazO, life and cost of patents, IV, 

530-5 
Brazing, I, 500-5 

aluminum, I, 504-2 

band sawa» I, 504-4 

brass and copper, I, 503-2 

cast iron, I, 503-4 

cleaning work for, I, 500-4; 503-1 

definition, V, 393-5 

diamond tools, n, 31 1-5 

dip or inmiersion, I, 503-5 

flux for, I, 501-5; 504-r 

heating work for, I, 501-2 

high-speed steel, IV, 5-/ 

metal for, U. S. Navy, I, 68-2 

muffle for, I, 503-4 

principles of process, I, 500-4 

spelters (solders) for, I, 503-1; V, 387-5 

stdlite to machine steel, VI, 74-2 

with electric welding machine, VI, 493-1 
Brazing-graphite, I, 502-4 
Brayshaw's experiments on heat-treatment 

of steel, in, 533-2 
Break distance, lever switch, VI, 156-j 
Break-down-at-short-intervals pomt, in, 
xo-4 



Break-down of drop-fofging die, n, 4^4-^; 

490-5 
Breaking-down tools, blacksmiths', I, 374-5 
Breaking piece in feed mechanism, IV, 376-j 
Breaking-up fldtes in reamers, in> 505-4; 

V, 341-4 
Break of oil switches, VI, 169-5 
Break-up switches, VI, 157-4 
Breast hole of cupola, n, 377-r 
Breast planer, V, 106-5 
Breast water-whed, VI, 446-4 
Brick, m, 136-4 

arch, m, 140-4 

arches, ni, 140-5 

arches, calculations, m, 1414 

bauxite, m, 137-4 

carborundum, ni, 137-2 

checker, m, 140-5 

chrome, m, 138-r 

drde, ni, 141-2 

cupola, in, 141-2 

drUl for, n, 443-5 

factor of safety, VI, 97-4 

fire, in, 136-4 

fireclay, m, 137-2 

fire-, dimensions of, m, 140-2 

fire-, melting points of, m, 138-2 

fire-, number of, for smd^estacks, m, 

142-5 

fire-, specific heat of, m, 138-2 

for furnaces, in, 338-j 

for smokestack construction, in, 143-1 

heat expansion, in, 541-4 

heat insulating value, m, 543-4 

key, m, 141-X 

magnesia, m, 138-2 

silica, m, 137-4 

silicate of alumina, m, 137-4 

soap, m, 140-5 

specific gravity, V, 400-r 

strength, VI, 97-2 

testing strength of, VI, 338-4 

tongue and groove, m, 141-2 

wedge, ni, 141-r 

weight per cubic foot, V, 400-1 
Brick arches, m, 140-5; 141-2 
Brick chimneys, furnace, IH, 338-4 
Biick kilns, producer gas for, in, 309-4 
Brick lining for blast furnace, I, 378-5 
Brkk masonry, specific heat, V, 401-4 
Brick stack, power plant, V, 135-4 
Brick stoves for blast heating, I, 380-4 
Brickwork, add for deaning, I, 34-1 

for boUer furnaces, I, 409- r 

furnace, m, 334-5 

furnace, estimating, m, 340-2 

number of brick to given area, m, 138-5 

9pedfic gravity, V, 400-1 

spedfic heat, V, 401-5 

strength, VI, 97-2 

weight per cubic foot, m, 138-5; V, 400-T 
Bridge building, nickd sted for, IV, 496-r 
Bridge crane, definition, n, 333-2 
Bridge reamers, I, 505-2 
Bridges, factor of safety, VI, 98-2 
Bridge sockets, I, 505-5 
Bridge sted, spedfications, I, 434-4 
Bridge stop-pm for dies, VI, 80-4 
Bridle for lathe work, V, 553-x 
Briggs logarithms, IV, 340-4 
Briggs pipe, V, 43-2 

Briggs pipe taps, power required for tap- 
ping, VI, 303-2 

shanks, Beaman & Smith, m, 509-5 

tap drills, VI, 301-1 
Briggs pipe thread, VI, 370-4 

devdopment of standard, VI, 372-2 
Bright dip for polishing, V, 126^-4 
Brine, boiling point, I, 448-4 
Brindl hardneta test, m, 530-5 

accuracy, m, 533-2 



Brinell hardness test, application, ni, 533-4 

definition, in, 538-j 

hardness and ultimate strength, m, 531-2 

hardness numerals, m, 531-/ 

locating critical range by, m, 533-4 

machine for, IH, 534-2 

machme for, Derihon, m, 534-4 

method of performing, m, 534-4 

piindple, in, 530-4 

readings compared with sderoscope, m, 
530-2 

tune element, influence of, in, 533-2 
Briquetting iron ore, IV, 86-5 
Briquettfaig metal chips, I, 505-4 
Briquetting presses, IV, 34-4 
Bri^ brush polishing wheds, V, 124-5 
Bristol boards, II, 421-4 
BritannlA metal, I, 506-2 

Ashberry, 1, 138-1 

Baumgartel, I, 364-j 

bismuth in, I, 373-1 

burnishing, I, 533-1 

mmofor, IV, 410-2 

pickling bath for, m, 43-5 

solder for, V, 386-4 

spinning, q)eed for, V, 454-r 
British Association thread, VI, 270-j 

tools, gage for, VI, 283-5 
British fine screw threads, VI, 369-2 
British fluid ounce, VI, 464-5 
British Imperial buahd, VI, 464-2 
British Imperial gallon, VI, 464-2 
British Imperial wire gage, Uble, VI, 508-j 
British India, life and cost of patents, IV, 

S30-4 
British patents, to obtam copies of, IV, 

530-2 
British pipe taps, V, 53-4; VI, 273-1 

gage Une, V, 45-4 
British pipe threads, VI, 373-1 
British screw threads, VI, 368-1 
British shipping ton, VI, 464-2 
British standard screw heads, V, 338-2 
British standard wire gage, new, VI, 510-1 
British thermal units, I, 506-4 

duty of pump based on, V, 197-5 

equivalents, V, 139-2 
British trade names, sted, VI, 65-r 
British Whitworth thread, VI, 368-/ 
British wire gages, I, 506-4; VI, 510-j 

Birmingham, VI, 509-2 
Brittleness, and hardness, VI, 333-4 

hi aUoys, I, 66-5 
Broftchet, I, 507-j 

clearance angle of teeth, I, 509-2 

for chrome-nickd steel, I, 513-2 

for rack teeth, I, 515-4 

for round holes, I, 5x1-4 

pitch of teeth, I, 508-2 

proportions, I, 5x0-1 

pull, I, 507-1 

pull-bushings, I, 511-1 

push, I, 507-1 

smooth-tooth, I, 5x0-5 

sted for, I, 509-5 

straightening, I, 509-4 

testing uniformity of teeth, 1, 509-2 

types of, I, 507-4 
BroAching, I, 507-r 

bronze bearings, I, 5x1-4 

chrome-nickel steel, I, 513-2 

connecting-rod end, I, 515-r 

dovetafl k^yseat, I, 5x3-4 

flat surfaces, I, 5x4-4 

keyways, I, 5x4-5 

lubricants for, IV, 354-5 
machines for, I, 516-5 

rack teeth, I, 5x5-2 

round holes, I, 5x1-2 

sted gears, I, 5XX-5 

taper holes, I, 513-4 
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Broodiiiig, time required, I» 5x5-4 

types of broaches, I, 507-4 

vanadium 8teel» I, 5x2-5 
Broaching machines, I, 5x6-5 

drggnating size, IV, 285-.? 
Broken line, definition, IV, 336-a 
Bromine, I, 5x7-5 

boiling point, I, 44S-4 

mdting pomt, IV, 335-j 

qiedfic gravity, V, 398-4 
Bromine water, etching reagent, IV, 354-^ 
Bronze, I, 5x7-4 

Ajaz ph^c, I, 60-2 

aluminum, I, 73- j; 518-j 

aluminum, for brass foundries, I, 494-2 

aluminum, for extrusion, in, 90-2 

aluminum, for spinning tools, V, 457-4 

annealing, m, 222-2 

antique, I, 520-z 

balls, uses for, I, 225-4 

bearings, broacl:dng, I, 5x1-4 

bell metal, I, 3x8-2 

bismuth, I, 372-2 

boron, I, 479-4 

bronzing, I, 520-1 

bushmgs, design, I, 518-4 

caxmon, I, 298-1 

castings, I, 494-2 

Chinese, II, X03-J 

Giinese gong, I, 5x&-j 

coefficient of friction, HE, 2x5-2 

coloring, n, X64-2 

composition, I, 494-4; VI, 99-4 

cost of spraying, Scboop process, V, 3x8-5 

definition, I, G6-2 

deoxidized, 1, 5x8-4 

die castings, n, 339-4 

die-pressed castings, 11, 359-2 

drilling, speed for, table, V, 440-5 

drop-forgings, dies for, 11, 494-2 

English gear, I, 5x8-2 

etching, m, 70-4 

etching reagent, IV, 354-2 

factor of safety, VI, 98-2 

for bearings, I, 297-4 

for bevel gears, I, 360-5 

for brass foundries, I, 494-2 

for gears, I, 7X-4 

for machine construction, VI, xoo-2 

for steam turbine blades, VI, 58-5 

gears, made from, V, 5x2-5 

government-, HE, 488-5 

grindmg wheels for, m, 469-1; 470-r; 

485-J 
grindmg, work speed for, m, 469-j; 470-/ 
gun-. III, 488-5 
Gurley's, III, 489-5 
heat expansion. III, 54X-5 
heat-treatment, effect of, I, 299-4; VI, 

"S-J 
leaded, II, 207-2 
lining, pump cylinder, V, 192-5 
lumen, I, 494-'; IV, 266-5 
manganese, I, 70-5; IV, 3x8-4 
manganese, cost of forgings, IV, 3x9-4 
manganese, for brass foundry, I, 494-5 
manganese-, for welding copper alloys, VI, 

479-' 
manganese silver-, IV, 320-2 
melting point, IV, 335-5 
No. X, V, 54x-r 
No. XX, V, 541-j; VI, 467-2 
phosphor-, I, 67-4; 72-1; V, X2-J 
phosphor-, for brass foundry, I, 494-5 
phosphor-, for springs, V, 500-1 
phosphor-, modulus of elasticity, V, 493*5 
phosphor-, rolled, I, 494-2 
phosphor-, silver fixiish on, m, 134-5 
phosphor-, working strength for gears, 

V.508-J 
piston rings, V, 81-5 



Bronze, planing spetdt V, 99-2; 437-2 
plastic, V, XX9-2 
plating, in, 46-2 
polishing, V, X26-2 
properties, I, 518-x 
ruebel, I, 74-4 

shrinkage allowance, IV, 540-1 
silicon, V, 366-/ 
sflver-, IV, S20-2 
soldering flux for, V, 392-J 
specific gravity, V, 398-5 
"steam metal," VI, 36-5 
Stone's English gear, I, 70-4 
strength, VI, 97-1; 99-4 
strength at different temperatures, VI, 

98-4 
strength of different kinds, 1, 5x8-1 
tapping, steel for taps, VI, 2x5-1 
tapping, torque required, VI, 202-1 
Tobin, VI, 292-4 
Tobin, for welding copper alloys, VI, 

479-1 

turning, lubricant, IV, 253-5 

turning, speed for, V, 433-2 

U. S. Navy, I, 68-2 

vanadium, VI, 4x6-1 

weight per cubic inch, V, 398-5 

welding, VI, 479-2 

white, VI, 567-1 

zinc, m, 488-5 
Bronze castinga, I, 494-2 

die-castings, II, 339-4 

die-pressed, n, 359-2 

manganese in, IV, 3x8-2 

to produce bright, II, x68-2 

wheeb for grinding, V, 386-2 
Bronze-cobred surface, to produce, I, 520-j 
Bronze composition, definition, I, 66-2 
Bronze-like color on iron and steel, n, x62-j 
Bronze shafts, torsional stiffness, V, 333-4 
Bronze yard No. 11, V, 54X-5; VI, 467-2 
Bronzing, I, 520-j; m, X35-/ 
Bronring salt, I, 520-j 
Bronzing solution, m, X35-2 
Brooks swaging machine, VI, X34-5 
Brown & Sharpe saw tooth, V, 3x3-1 
Brown & Sharpe taper sockets, I, 520-r 

reamers for, V, 246-1 
Brown & Sharpe wire gage, VI, 507-2 

characteristics, VI, 512-4 

table, VI, 508-1 
Brown clutch, n, X36-1 
Brown coal, H, X45-2 
Brown colors on brass, n, x66-2 
Brown hematite, IV, 85-z 
Browning gun barrels, II, x6x-4 
Browning steel parts, n, 16X-5 
Brown lignite, II, 145-5 
Brown linear dividing engine, IV, 28X-4 
Brown radiation pyrometer, V, 225-4 
Brown's influence on machine tool develop- 
ment, IV, 28X-4 
Brown stone (diamond), II, 3XX-5 
Bruce die-casting machine, n, 3x4-4 
Brunton music wire gage, VI, 509-5 
Brush arc lamp, n, 544-5 
Brush contact losses, V, 535-J 

in electrical machines, V, 536-r 
Brush discharge, II, 383-r 
Bmthes, electric machinery, D. C. gen- 
erator, in, 402-5 

D. C. motor, IV, 476-r 
faults of, m, x-5 
friction loss, V, 535-4 
holders, D. C. generator, m, 402-5 
shifting for speed regulation, 11, x88-2 
sing or hiss, m, 3-1 
sparking at, HI, x-5 
supports, D. C. generator, m, 402-5 
Brushes, for cleaning work after plating, 

HI, 44-1 



Brushes, for glue, IV, 537-5 

for varnish, IV, 539-/ 
Brushmg, japanning by, IV, 94-5 
Brush polishing whcds, V, 124-5 
Brush switches, VI, x6o-4 
Brush treatment of wooden poles, VI, 318-J 
Brsrant saw tooth, V, 3x3-2 
B. S. F. thread, VI, 269-2 
B. S. W. thread, VI, 268-/ 
Bubble of spirit level, IV, 200-5 
Bucket conveyors, IE, 199-4 

in steam plant, V, 133-2 
Bucket elevatora, II, 202-5 

belt, n, 204-J 

buckets, t3rpes of, II, 302-4 

chain for, II, 203-5 

power required, n, 203-2 
Buckets, curling dies for, II, 282-4 
Buckeye automatic engine, setting valves, 

VI, 395-4 
Bulling, V, X23-2 

abrasives for, V, X25-2 

composition for, V, X25-5 

head, V, X23-4 

lathes, V, X23-4 

lathes, horsepower, IV, 452-2 

machines, V, X23-4 

stand, V, X23-4 

wheels, V, x24-r 

wheels, eidiaust systems, m, 75-1 
Buffington black oxide coating method, 

n, 2x3-4 
Building code. New Yoxk and Chicago, 

coliunns made to, II, X69-4 
Buildinga, factory, m, 94-4 

cost of, m, 95-4 

cost of concrete, n, X74-1 

data for planning, m, 96-4 

frame construction, III, 96-2 

insurance rates. III, 96-4 

lay-out of modem plant, m, 98-2 

life of, n, 305-5 

reinforced concrete, m, 96-4 

roofs, in, 95-4 

slow-burning timber oonstrttction, HI, 

96-5 
structural steel, m, 96-5 

types, m, 95-5 

windows. III, 96-j 
Bulbs, lamp, II, 547-2 
Bull-block, wire drawing, VI, 5x3-5 
Bull center reamers, II, 43-2 
Bulldozer, m, 188-4 

application, in forge shops, m, 183-4 

for forging magnets, IV, 304-4 

horsepower, IV, 452-2 
Bullet, path of. III, X02-J 
Bull-head tee, V, 43-2 
Bull-neck polishing wheels, V, 124-5 
Bull-wheel, planer, V, 97-1 
Bung-head wood-screw, V, 328-4 
Bunkers, coal, steam plant, V, 132-5 
Bunsen, absorptiometer, I, 6-5 
Bunsen burner, I, 520-2 
Bunsen cell, I, 25X-4; 520-4 
Buo3rancy, I, 521-1 
Burd piston ring, V, 90-4 
Bureau of Standards, V, 538-5 

meter kept in, V, SA^-i 

methods of comparing length standards, 

V, 542-2 

scope of work, V, 539-J 

work in connection with weighing scales, 

VI, 463-1 

Bureau of Weights and Measures, Inter- 
national, V, 54X-4; VI, 468-1 
Burner, Bunsen, I, 520-2 
Burners for blast-furnace gas, I, 381-5 
Burners for gas furnace. III, 256-5 
Burners, fuel-gas, III, 232-5 
Burners, fuel-oil. III, 231-2 
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Burners, for boilers, IV, 502-2 

operation. III, 232-1 

pressure of air for. III, 527-r 
Bumham pump valve mechanism, V, 187-2 
Burning aluminum, I, 89-4 
Burning gas in gas producers, m, 312-4 
Burning lead, IV, 195-2 
Burning oil in boilers, general requirements, 

IV, 503-^ 
Buming-on in foundry work, IV, 432-j 
Burning point of oil. III, 154-' 
Burning vitrified wheels. III, 47^-3 
Burnishers, bloodstone, I, 521-2 
Burnishing, I, 521-1 

ball-bumishing process, I, 523-2 

brass, I, 522-4 

Britannia metal, I, 523-1 

cleaning work for, I, 522-j 

copper, I, 522-4 

dies for, n, 365-4 

German silver, I, 523-j 

lathes, I, 521-4 

lubricants for, I, 522-4 

spun or drawn sJiapes, I, 521-2 

steel balls, I, 237-2 

steel punchings for, I, 5^5-' 

threading dies, 11, 37^3 

tools, I, 522-2 

white metal, I, 523-j 
Burnishing dies, II, 365-4 
Burnishing lathes, I, 521-4 
Bum-outs in transformer operation, m, 9-1 
Bums, electric, m, 27-j 
Bursting pressure, of cylinders, II, 302-4 

of pipe, V, 23-2 
Biursting speed, II, 44-r 
Bus anmieter switches, VI, 163-5 
But-bart, I, 525-1 

capacity, VI, 143-2 

location on switchboards, VI, 144-2 

spadng, table, VI, 144-4 

switchboard, VI, 143-1 

ventilation of, VI, 144-2 
Bus field switch, VI, 157-j 
Bushel, VI, 464-^ 

Imperial, VI, 464-2 

of charcoal, weight of, V, 401-1 

of coal, weight of, V, 401-1 

of coke, weight of, V, 401-j 

United SUtes, VI, 464-^ 

Winchester, VI, 464-2 
Buahded iron, manufacture, VI, 55^-4 
Busheled scrap iron, VI, 555-' 
Bush, high tension, VI, 3o3-2 
Bushing chain, 11, 61-4 
Bushing grinding wheels, m, 476-2 
Bothingt, V, 43-3 

boring tools for, I, 458-j 

conduit, electric wirmg, table, VI, 538-1 

design, bronze, I, 518-4 

end-damping mandrels for grinding, m, 
463-2 

holding thin, for internal grinding, m, 

457--* 
jig, IV, 96-5 

pipe fitting, V, 42-1; 43-^; 43-4 
pipe, Uble, V, 43-J 
Bvahings, jig, IV, 96-j 
allowance for driving fit, IV, loi-i 
allowances for grinding and lapping, IV, 

99-1 
bell-mouthed, IV, 110-4 

dimensions, IV, 97-2 

external grinding, IV, 100-4 

gagnig, IV, 100-3 

grhidnig, IV, 99-2 

hardening, IV, 99-2 

faitemal grinding, IV, xoo-x 

lapping, IV, 99-2; 101-3 

loose, preventing from turning, IV, 97-4 

making, IV, 98-4* 



Bushings, jig, material, IV, 97-r 

miscellaneous types, IV, 97-2 

prindples of, IV, X15-2 

removable, IV, 96-4 

screw type, IV, 98-2; 122-1 

sliding, IV, 122-j 

spedal designs, IV, 98-j 
Bush-roUer chain, n, 62-j 
Bus-sectionaliring reactances, V, 235-4 

size of, V, 236-4 
Bus-section oil switches, VI, 177-4 
Busses, see Bus-bars, 1, 525-r 
Bus transfer plug switch, VI, 164-5 
Butted joint, pattemmaking, IV, 543-1 
Butt joint, piston ring, V, 80-2 
Butt-joint, riveted, V, 269-5 

British practice, V, 272-5 

formulas, V, 271-2 

proportions of, V, 270-r 
Butt, liquid measure, VI, 464-2 
Button-and-disk locating method, IV, 213-4 
Button-and-plug locating method, IV, 2x9-1 
Button locating method, IV, 21X-4 
Button switches, VI, 161-5 
Buttress thread, Harvey, VI, 270-2 
Butt-wdded pipe, strength, II, 30x-r 
Butt welding, VI, 471-' 

aluminum, I, 87-4 

brass, power required, VI, 494-4 

copper, power required, VI, 494-4 

dectric, VI, 483-4 

dectric, preparing woric, VI, 488-r 

dectric, thin stock, VI, 489-4 

iron and sted, power required, VI, 494-J 

machine, VI, 472-2 

machines, electric, VI, 486-2 

pipe, VI, 331-' 

pipe, process, VI, 331-4 

pipe, strength, 11, 30X-1 
Butt-welding machines, dectric, VI, 486-2 

jump wdding on, VI, 489-2 

spot wdding on, VI, 489-1 
Buzz planer, in pattemmaking, IV, 535-2 
B. W. G. wire gage, I, 507-J 
By-pass valve, VI, 384-4 

C&bmet for checks, tool-room, 11, 92-2 

Cabinet files, HI, X20-5 

application. III, X33-4 
Cabinet, sand-blast, V, 307-4 
Cable, I, 525-2 

composite, VI, 3XX-2 

concentric-lay, n, X84-J 

current-carrying capadty, V, X43-1 

duplex, n, X84-J 

dectric, life of, n, 305-5 

insulating, jute used for, IV, 143-4 

messenger, IV, 348-r 

protecting underground, I, 126-5 

rope-lay, n, x84-r 

standardization rules, V, 537-2 

take-up for lifting magnets, IV, 206-4 

triplex, n, 184-2 

twin, n, X84-1 
Cable ammeter switch, VI, 164-2 
Cable-chains studded, n, 58-j 
Cable-laid rope, I, 525-4 
Cable paper, dectric insulating, IV, 66-2 
Cable transfer plug switch, VI, 164-5 
Cadillac screw thread, VI, 270-4 
Cadmimn, I, 526-1 

alloys, etching reagent, IV, 355-r 

alloys, fusible, m, 268-2 

alloys, mdtmg points, IV, 336-j; V,388-J 

amalgams, I, 9X-2 

effect on zinc, VI, 566-j 

mdting point, IV, 335-r 

spedfic gravity, V, 39B-5 

spedfic heat, V, 401-5 

weight per cubic inch, V, 398-5 



Caesium, I, 526-2 

mdting pomt, IV, 335-r 
Cake cores, IV, 413-2 
Cake, emeiy, V, 125-5 
Caking coal. III, 218-5 
Caking presses, IV, 34-4 
CaldnatioQ, I, 526-2 
Caldte, hardness, HE, 527-r 
Caldnm, I, 526-2 

carbide, I, 526-5 

carbide, impurities in, I, 22-5 

carbide, q;x>ntaneous combustion, V, 

480-5 
carbonate, II, 214-4 

carbonate, in boiler feed water, I, 396-5 
chloride, as a freezing mixture. III, 2x4-1 
chloride, for anti-freezing mixture. III, 

299-4 
chloride, in boiler feed water, I, 397-1 
chloride, melting point. III, 251-5 
fluoride, bath for heat-treatment, m, 

250-2 
fluoride, melting point, m, 251-4 
in earth's crust, U, 93-r 
light, I, 526-5 
mdting point, IV, 335-1 
molybdate, IV, 429-j 
q>ecific gravity, V, 398-5 
sulphate, n, 214-4 

sulphate, in boiler feed water, I, 396-4 
sulphide, spontaneous combustion, V, 

480-5 

weight per cubic inch, V, 398-5 
Calculating (slide-) rule, V, 373-4 
Calender rolls, grinding machine for, V, 
279-2 

speed for turning, V, 433-4 
Calibration, I, 527-1 

of drcuit-breakers, II, 118-5 

of D. C. relays, V, 251-4 

of lead-screw of graduating machine, m, 
421-1 

of pyrometers, V, 224-2 

of pyrometers, by freezing points of salts, 
V, 225-x 

of psrrometers, by mdting point of copper, 
V, 224-4 

of pyrometers, calibration temperatures, 
V, 223-2 

of pyrometers, with check pyrometer, 
V, 224-2 

of pyrometers, without check pyrometer, 
V, 224-5 

temperature, thermo-couples, V, 223-2 
Calido, I, 527-2 

California hose thread, IV, 33-2 
Califomia machine industry, IV, 270-5 
CaHfomia miner's inch, IV, 409-4 
Califomia pine for patterns, IV, 536-2 
Califomia sprace, weight per foot, V, 40X-2 
Calipan, I, 527-2 

designating size, IV, 286-4 

gear-tooth, measuring thread tool pobt 
with, VI, 284-5 

hermaphrodite, II, 38-2 

micrometer, IV, 358-5 

micrometer, hi^ry, IV, 362-5 

Palmer screw, IV, 362-5 

squares, designating size, IV, 286-4 

system, fixed, of gages, m, 269-j 

vernier, VI, 437-1 

vernier gear-tooth, m, 323-2 

vemier, metric, VI, 438-2 
Calked and screwed pipe joints, V, 47-2 
Calking pipes, lead wool for,- IV, X98-5 
Calking recess in pipe joints, V, 47-2 
Calking riveted joints, I, 528-4 

q)ecifications, I, 445-1 
CaOung strips, composition of metal for, I, 

68-5 
Calking tools, I, 528^ 
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Calorie, I, 539-4 

laige, or kik>-, IV, 509-j 

Ostwald, IV, 509-1 
Calorific power of fud oils, relation to 

specific gravity, m, 220-J 
Calorimeters, I, 529-4 
Calorimetric pyrometers, V, 2x9-2 
Calorizing, I, 530-1 

Cam and ecoentric-jaw drill chuck, n, 430-5 
Cam blanks for screw machine cams, 1, 544- j 
Cam clamping devices for jigs, IV, 1x2-1 
Cam control on automatic lathes, 1, 186-j 
Cam-cutting, I, 551-j 

attachments, I, 554-1 

in lathe, I, 553-5 
Cam design, I, 530-4 
Camelia metal, I, 54S-2 
Camera, photostat, V, 19-2 
Camera, shop photography, V, 12-4 
Cameron pump valve mechanism, V, 185-4 
Cam lading, I, 548-j 

attachments, I, 548-j 

master cams, I, 550-4 

speeds for, I, 549-4 

testing ground cams, I, 550-r 

wheels for, I, 549-j 
Cam milling, I, 55X-5 

cam-cutting attachments, I, 554-1 

in universal milling machines, I, 552-1 

machines, I, 554-4 

master cams, I, 553-' 

9>iral-head method, I, 552-j 

uniform motion cams, I, 551-J 
Cam milling machmes, 1, 554-4; IV, 400-j 

speed change-gears, V, 432-4 

vertical type, I, 555-2 
Camming screw machines, I, 542-2 

arrangements for feeding mechanisms of 
automatics, I, 193-1 

multiple-spindle, I, 183-4 

single-spindle, 1, 181-1 
Cam-operated cherrying head, IV, 399-j 
Cam-operated jarring machine, IV, 423-4 
Cam-operated power press, V, 152-3 
Cam-operated relieving attachment, V, 

259-4 
Cam-ring type of chuck, n, iii-j 
Cam roller, design, I, 536-j 

effect of changing location, I, 535-4 
Cams and cam design, I, 530-4 

accelerated motion plate, I, 540-2 

barrel cams, I, 531-2 

blanks for cams, I, 544-j 

cam curves, I, 537-2 

cam rollers, I, 535-4 

dassification, I, 530-4 

cutting cams, I, 551-5 

cylinder cams, I, 531-2; 534-4 

disk cams, I, 53 1--? 

double contact cams, I, 534-2 

face cams, I, 531-2 

"flat-footed" follower, I, 533-4 

for screw machines, I, 542-2 

for screw machines, lasdng out, I, 544-4 

for screw machines, practical points, I, 
178-r 

gas engine cams, HE, 285-4 

gravity curve, I, 531-^; 537-4; 538-2 

grinding, I, 548-j 

grinding master, I, 550-4 

harmonic motion curve, I, 537-j 

heart cama» I, 531-2 

intermittent motion, I, 535-1 

making by hydraulic pressure, I, 556-j 

making master, I, 553-1 

milling, I, 551-j 

peripheral cams, I, 531-2 

pivoted followers, I, 533-2 

plate cams, I, 531-2 

plate cam with bar follower, I, 540-4 

rollers for followers, I, 536-j 



Cams and csm design, rolling levers, I, 

541-1 
uniformly accelerated motion i^linder 

cam, 1,531-1; 539-4 

uniform motion curve, I, 537-5 

uniform motion cylinder cam, I, 539-2 

uniform redpiocating motion, I, 531-2 

variable motion, 1, 533-j 
Camshaft, drop forging, n, 495-2 
Camshafts of gas engines. III, 285-4 
Cam-testing fixture, electrical, I, 550-2 
Cam type intermittent gearing, IV, 75-2 
Canac's process, I, 90-5 
Canada, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-4 
Canadian corundum, II, 219-j 
Canadian mica, insulating value, IV, 6z-j 
Candle, international, in, 543-2 
Candlepower, I, 556-2 
Can making, inclinable press for, V, 150-5 
Can making, seams in, V, 329-r 
Cannon bronze, I, 298-r 
Cant-files, m, 120-2 
Cantilever, I, 556-5 

relation of depth to span, I, 280-j 

stresses and deflections in, I, 274 
Cant-saw files, m, 120-2 

application. III, 133-5 
Canvas bdting, I, 328-4 
Canvas gaskets, III, 308- r 
Canvas polishing wheels, V, 124-2 
Capacitance, I, 557-^; H, 539-5 

of insulation, n, 539-4 

symbol, V, 529-4 
Capacity, I, 556-4 

current, definition, V, 531-x 

discharging, of pipe, V, 23-4 

discharging, of reciprocating pumpa, V, 

195-1 

dectrostatic, definition, V, 531-r 

dectrostatic, sjrmbol, V, 529-4 

in dectridty, unit of, III, 109-j 

of boilers for different purposes, I, 423-5 

of centrifugal pumps, V, 207-2 

of dectrical machine, V, 533-4 

of forging presses, in, 184-j; 190-2 

of planers, V, 102-2 

of punch presses, V, 163-2 

of steam hammers, m, 182-2 

power, definition, V, 531-1 

precision measure of, VI, 463-5 

rupturing, oil switches, VI, 17 1-2 

spedfic inductive, n, 540-2 
Capadty-area, of blowers, I, 385-5 • 

of fans, m, 103-4 
Cape chisel, n, 107-j 
Capillary action, I, 557-J 
Cap-screws, V, 325-2 

compared with studs, V, 325-4 
Cap-size drawing paper, n, 421-1 
Caps, pipe fittmg, V, 42-j; 43-4 

table, V, 43-5 
Capstan lathe, VI, 351-2 
Cap-stones, leveling for foundations, HI, 

208-2 
Carat, I, 557-2 

of diamonds, I, 479-4 

of gold, ni, 419-5 

troy, VI, 464-5 
Car aides, allowable pressures, I, 3x0-2 
Carbide, caldum, I, 526-5 

spontaneous combustion, V, 480-5 
Carbide of iron, II, 38-2 
Carbide of silicon, I, 4-1 

abrasive, n, 274-2 

carborundum, II, i-r 

m graphite. III, 42S-5 
Carbide, sodium, spontaneous combustion, 

V, 480-2 
Cari)ide-to-water acetylene generator, I, 
2 2- J 



Caibo, VI, 68-j 

Carbo-alumina, I, 4-4 

Carbolic add, sped&c gravity, V, 398-4 

Carbolineum, VI, 317-4 

Carbolite, 1, 4-5 

wheels, speed, m, 468-r 
Carbolon, I, 5-1 
Carbon, I, 557-2 

coatuig by Schoop process, V, 3x8-4 

combined, II, 32-4 

diamond, n, 3x1-1 

effect of, in commerdal graphite, m, 
428-4 

graphite. III, 428-2 

graphitic, n, 32-4 

in cast iron, percentage, II, 33-5 

in coal, percentage, m, 2z8-r 

in crudble sted, how controlled, II, 273-2 

in dectrical insulation, IV, 62-j 

influence on cast iron, n, 32-5 

influence on high-speed steel, IV, x-2 

in fuds, n, 170-r 

in high-speed sted, percentage, IV, 4-4 

in lignite, IV, 210-4 

in manganese steel, IV, 320-4 

in nickd-chromium steel, IV, 492-r 

in nickd sted, IV, 497-5 

in pipe and tubes, VI, 337-4; 338-5 

in screw stock, V, 329-j 

in sted, effect on cutting speed, IV, 493-5 

in sted, effect on tensile stroigth, m, 
520-5 

in sted for rolls, V, 280-4 

in sted, microscopic study, IV, 350-2 

in sted tools, percentage of, I, 557-5 

in thermit steel, VI, 503-5 

in tools for roll turning, V, 288-2 

in tool sted, VI, 301-j 

kish, IV, 154-4 

steel, I, 557-5 

tool sted, VI, 30X-1 

tool sted. Navy spedfications, VI, 301-r 
Carbonaceous gas, caaehardening by, n, 

15-4 
Carbon arc for wdding, VI, 498-2 
Carbon arc lamps, II, 548-1 
Carbonate, barium, for casehardening, n, 

5-5 
caldum, II, 2x4-4 

iron ore, IV, 85-2 

of lead, IV, 194-z 

of lime, in boiler feed water, 1, 396-5 

of lime, removmg from feed water, 1, 403-4 

of magnesia, heat insulating value. III, 

542-5 
of magnfda, in boiler feed water, 1, 396-4; 

403-4 
of soda, VI, 477-1 

o£ soda, for bofler feed water purification, 

1.405-5 

of soda, turning lubricant, IV, 253-2 

removing from boiler feed water, I, 405-x 

sodium, in boiler feed water I, 397-1 

zmc, VI, 563-4 
Carlx>n bisulphide, boiling point, I, 448-4 

ignition temperature, IV, 45-4 

latent heat, IV, X69-J 

spontaneous combustion, V, 480-5 
Carbon black, II, 21 5-1 
Caibon-break circuit-breakers, II, 115-4 

weights and dimensions, II, 120-4; i2x-j 
Carbon diamond, I, 479-4 

for truing grinding wheels, m, 479-5 
Carbon dioxide, in Moore tube, IV, 430-4 

m producer gas, m, 3x5-5 

spedfic gravity, V, 399-2 
Carbon disulphide, spedfic gravity, V, 398-4 
Carbon electrodes for arc wdding, VI, 500-r 
Carbon-filament lamp, n, 545-2 
Caibonia finish, ni, 135-5 
Carbonia mixture, ni, f35-4 
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Carbonii^acid, absorbed by water, I, 6-4 

in boiler feed water, I, 396-4 

specific beat, V, 401-2 

testing boiler feed water for, I, 400-2 
Carbonic oxide, specific heat, V, 401-2 
Carbonixuig, II, 1-2 
Carbon monoxide, in producer gas, m, 

31S-J 

specific gravity, V, 399-2 
Carbon regulator booster, I, 262-3 
Carbon steel, I, 557- j; VI, 301-1 

compared with high-speed steel, V, 436-4 

composition, I, 78-2 

definition, VI, 62-4 

drills, speed, V, 440-4 

durability, V, 435-2 

for twist drills, II, 471-1 

heating bath for, in, 350-2 

heat-treatment, I, 76-4; 78-r 

spaik picture, IV, 83-j 

strength and properties, I, 78-x x 

tools, percentage of carbon in, I, 557-5 

tools, tempering temperatures, III, 5x9-3 
Carbon temper, I, 557-4 

of crucible steel, II, 274-1 
Carborundum, n, i-i 

bricks. III, 137-2 

for lapping, IV, 166-4 

furnaces for, I, 23-j 

silundum, V, 366-2 

temperature to produce, I, 23-1 

wheels, speed. III, 468-r 
Carbowalt, I, 5-1 
Car brakes, energy absorbing capacity, I, 

480-j 
Car brass, P. R. R., I, 298-4 
Carburetors, m, 286-4 

gasoline, HE, 286-4 

typical form of. III, 287-j 
Carburization for casehardening, n, 2-4 
Carburizers for casehardening, II, 4-j 

comparison of cost of, II, 8-2 

testing value of, II, &■/ 
Carburizliig, n, 1-2; 2-4 

gears, m, 375-' 

material used by Pennsylvania R. R., 
n, 14-1 

natural aUoy steel, IV, 494-4 

nickel-chromium steel, IV, 493-1 

nickel steel, IV, 497-2 
Cardan joint, VI, 375-2 
Card-wdght pipe, V, 43-2 
Cargo measurements, VI, 464-2 
Carpenter's experiments on growth of cast 

iron, n, 34-5 
Carpenters' tools, speed for grindmg, m, 

• 487-3 

Carriage bolts, II, i-j; V, 327-2 

screw threads, II, 2-1 

tapa, VI, 203-3 
Carriage, lathe, IV, 171-1 

feed, automatic disengagement, IV, 175-3 

scraping, I, 136-2 
Carriage nuts, II, 1-4 
Carriages, end, for overhead cranes, n, 

252-4 
Cartridge brass, I, 490-2 
Cartridge cases, vaziiish for, VI, 436-2 
Cartridge fuses, electric, III, 266-2 
Car-wheel boring machines, I, 476-2 

designating size, IV, 284-4 
Car-wheel circumference gages, m, 276-2 
Car wheels, n, 98-3 

annealing, n, loo-i 

chilled cast-iron, n, 98-3 

chrome-vanadium steel, VI, 418-2 

composition of iron, 11, 99-2 

testing chilled, 11, loo-z 
Cascade connection, 11, 187-4 
Cascade converter, V, 531-3 
Cascade operation, IV, 469-3 



Casehardened gears, III, 376-4 

compared with oil-hardened, m, 376-2 

quenching bath for, HI, 379-/ 
Cssehardenlng, n, 2-2 

alloy steels, I, 82-4; n, 12-3 

alloy steels for, II, 3-3 

American Sodety for Testing Materials' 
method, n, 11-3 

barium carbonate for, n, 5-3 

boxes, n, 4-2 

by carbonaceous gas, II, 15-4 

by carbonaceous gas, furnace for, II, 20-1 

by oxy-acetylene flame, VI, 482-4 

carbon steel suitable for, I, 77-r 

carburizers, n, 4-3 

carburizers, comparison of cost, n, 8-2 

carburizers, testing, n, 6-2 

charcoal for, II, 5-3 

charcoal, leather, and bone nuxture for, 
n,6-J 

chrome-nickel steel, I, 83-j; n, 12-4 

chrome-nkkd steel for, 11, 3-4 

chrome-vanadian sted for, I, 82-3 

chromium steel for, II, 3-3 

deaning work after, n, 14-4 

copper-plating for, 11, 9-1 

cyanide of potassium for, II, 294-4 

cyanide process, using, II, 13-3 

cyanide used for, n, 5-2 

dui^tion of heating, n, lo-i 

equipment, 11, 4-1 

equipment for gears, III, 378-3 

for colors, II, 15-2 

furnace, in, 262-3 

furnace, ''American,'' 11, 20-j 

furnace, coal-burning. III, 263-4 

furnace, gas, n, 10-2 

furnace, Giolitti, n, 17-3 

furnace, oil-burning, n, 10-2; m, 263-3 

furnace temperature, n, 9-4 

gears, n, 12-4; m, 375-/; 381-1 

Giolitti process, n, 17-j 

Harvey process, for armor plate, m, 

S40-4 

heat-treatment, n, 10-3 

local, n, 8-4 

local, enamdite for, m, 57-j 

metalk)graphy, n, 7-4 

mixing bms, 11, 8-2 

natural alloy sted, IV, 494-4 

nickd-chromium steel, IV, 493-1 

nickd-chromium sted for, I, 82-j 

nickd sted, I, 83-j; n, 12-3 

nickel sted for, I, 77-3; II, 3-3 

pack-hardening, IV, 514-1 

packing, 11, 8-2 

packing materials, II, 4-3 

packing room, 11, 8-2 

practice of Pennsylvania R. R., 11, 14-1 

prindples, II, 2-3 

reheating temperatures, II, 10-4 

screw stock, U, 12-4 

steel for gas process, II, 20-2 

sted for gears, m, 377-4 

sted used for, n, 3-2 

straightening work aftc# 11, 15-j 

structural steel, II, 20-4 

testing casehardened parts, 11, 6-4 

variations in methods, n, 11-2 

wood charcoal for, 11, 5-3 
Cases, packing, for export, IV, 520-1 
Casings for driving chain, 11, 67-3 
Casing thread, oil-well, IV, 506-2 
Cassiopeium, VI, 563-1 
Cast brass forces for embossing dies, m, 

174-3 
Cast dies for drop-forgings, 11, 479-^ 
Cast gears, formulas for strength, V, 5x0-4 
Casting copper, II, 207-3 
Casting, die, n, 314-3 
accuracy obtainable, II, 338-j 



Casting, die, advantages, II, 336-4 

aluminum alloys for, II, 339-3 

application, n, 337-^ 

brass and bronze, n, 339-4 

dies for, n, 331-2 

general prindples, n, 3x4-4 

history, II, 3M-4 

lead alloys for, II, 338-4 

Ihnitations, n, 337-2 

machines, automatic, n, 326-4 

machines, devdopment, II, 315-3 

machines, hand-operated, II, 316-2 

machines, Soss, II, 322-3 

machine. Van Wagner, II, 325-2 

metals used, n, 338-4 

shrinkage, II, 338-3 

tin alloys for, II, 339-2 

type-casting machine, 11, 315-3 

typical metal mixtures for, II, 339-2 

zinc alloys for, II, 339-1 
Casting Gennan silver. III, 412-3 
Castiiig in permanent molds, n, 20-4 

absence of shrinkage strains, n, 23-4 

characteristics of castings, II, 22-4 

economy of process, II, 24-4 

history, n, 21-r 

life of molds, II, 21-4 

materials for molds, n, 21-3 

operating molds, n, 22-1 

types of molds, II, 25-2 
Casting metal bk>cks for extrusion, m, 87-3 
Casting mond metal, IV, 430-2 
Casting-on in foundry work, IV, 422-3 
Casting rods, nuichine for, V, 272-4 
Castings, add-resisting, comfKMition, II, 

280-2 
Castings, aluminum, I, 86-4 

cores for, I, 87-j 

effect of zinc and iron, I, 87-r 

wdding, VI, 479-4 
Castings, bbw-holes, locating by X-raya, 

VI, 562-2 
Castings, brass, I, 491-1 

alloys for, I, 494-1 

deaning, I, 496-3 

core making for, I, 496-a 

cost of, I, 491-3 

inspection, I, 496-4 

molding, I, 495-4 

oxidation of, I, 495-3 

percentage of good, I, 491-2 

solutions for deaning, V, 21-j 
Castings, bronze, to produce bright, n, 

X68-2 
Castings, die-, dectroplating, m, 4&-i 
Castings, die-pressed, II, 359-1 

advantages, n, 359-j 

application of process, II, 362-2 

blanks or slugs, n, 362-1 

hydraulic presses, use of, II, 363-4 

material for dies, n, 360-r 

power presses used, II, 360-4 

process of making, II, 361-4 

speed in making, 11, 361-2 

types of dies, U, 359-^ 
Castings, gun-metal, in, 489- 1 
Castings, iron, n, 26-1 

annraling, I, xoi-4 

causes of blow-holes, 11, 26-1 

chilled, n, 98-3 

chilled, composition, 11, 280-2 

chilled, molds for, II, 99-3 

deaning, m, 213-3 

deaning, sand-blast, V, 307-' 

cold shuts, n, 28-2 

composition, II, 280-2 

cupola mixtures for, 11, 279-2 

dipping solution to preserve, V, 31-2 

distortion due to clamping, 11, 133-3 

distortion due to internal stresses, II, 
1 33-1 
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Castings, iron, ^ry sand molds for, 11, 26-^ 

earliest made. III, 310-4 

estimating cost, II, 220-2 

floating cores, II, 28-2 

for cylinders, II, 299-4 

gray-iron, specifications, I, 436-^ 

green sand molds for, II, 26-4 

hardening, II, 29-4 

loam molds for, n, 26-j 

open-sand, IV, 418-j 

permanent molds for, II, 20-4 

pickling, V, 19-4 

sand-holes, II, 28-1 

scabbiness, II, 27-4 

semi-steel, V, 331-2 

shrinkage allowance, IV, 540-r 

shrinkage strains, 11, 28-j 

shrink-holes, II, 27-4 

snagging, V, 385-2 

snagging, wheeb for, II, 274-5 

sponginess, II, 27-j 

stresses in, VI, 102-4 

supporting cores, II, 27-j 

weight of, from pattern, IV, 550-4 
Castings, magnalium, IV, 287-j; 288-4 
Castings, malleable, IV, 306-r 

annealing, IV, 308-1 

compared with steel, IV, 310-j 

definition, IV, 81-4 

specifications, I, 436-4 
Castings, manganese-bronze, IV, 319-j 
Castings, manganese-steel, IV, 322-r 
Castings, piston ring, V, 89-2; 89- j 
Castiags, steel, II, 30-j 

American Society for Testing Materials' 
specifications, II, 31-2 

annealing, VI, 70-4 

Automobile Engineers' specifications, II, 

31-1 
blow-holes, VI, 72-4 
brief review, IV, 81-2 
cavities, VI, 72-4 
defects in, VI, 72-2 
definition, IV, 82-j 
drilling speed for, V, 440- j 
effect of superheated steam, VI, 125-2 
for gears, V, 5 "-4 
foundry practice, VI, 66-j 
heat-treatment, VI, 70-4 
in machine construction, VI, 100-2 
metallurgy, II, 31-2 
molds, VI, 69-j 
Navy specifications, n, 30-4 
ozy-acetylene welding, VI, 477-2 
patterns, VI, 69-2 
pipes, VI, 72-4 
planing speed, V, 437-2 
reliability of, n, 32-2 
semi-steel, V, 331-2 
shrinkage cracks, VT, 7 2-3 
sink heads, VI, 69-4 
specifications, I, 434-4 
straightening, VI, 71-4 
strength, VI, 97-1 
strength at different temperattues, VI, 

9»-4 
tests, n, 30-4; 31-4 

titanium in, VI, 292-5 

uses of, n, 32-r 

welding defective, VI, 7 2-1 
Castings, semi-steel, V, 331-2 
Castings, slush, VI, 568-2 
Castings, zinc, VI, 567-j 

alloy, VI, 567-5 

finishing, VI, 568-r 
Cast iron, II, 32-5 

alloy, definition, IV, 82-j 

and fiber, coefficient of friction, m, 
217-r 

and leather, coefficient of friction, m, 
217-5 



Cast iron, and paper, coefficient of friction, 

III, 217-/ 
Automobile Engineers' specifications, 11, 

33-2 
balls, I, 225-4 
beams, I, 277-4 
bottle molds, VI, 416-2 
brazing, I, 503-4 
carbon, influence of, II, 32-5 
car wheels, II, 98-5 
cast in permanent molds, II, 22-4 
charcoal hearth, IV, 82-2 
chilled, II, 34-4; 98-5 
chilled, for draw-plates, VI, 512-5 
chilled, hardness, IV, 321-2 
chilled rolls, tools for, IV, 7-5 
chilled, speed for turning, V, 433-4 
chromium, influence of, II, 33-r 
coefficient of friction, m, 215-2 
coefficient of friction in brakes, 1, 480-5 
coefficient of heat expansion. III, 153-2 
coefficient of heat radiation, m, $4^-2 
oombmed carbon in, II, 32-4 
compared with steel castings for gears, 

V, sii'4 
composition, II, 33-2; 280-2 
cupola mixtures for, II, 279-2 
cylinders, allowable pressures, II, 300-2; 

302-2 
definition, IV, 82-2 
dies for drop forging, II, 479-2 
dipping solution to preserve, V, 21-2 
effect of remelting, II, 280-4 
effect of superheated steam, VI, 125-2 
dectrically-welded, VI, 490-5 
factor of safety, VI, 97-4; 98-2 
feeds for drillmg, V, 440-5 
feeds for turning, V, 434-^* 
fittings, V, 39-r 
flux for soldering, V, 387-4 
fliywheels, m, 163-2; 164-5 
for bevel gears, I, 360-2 
for car wheels, composition, 11, 99-2 
for fliywheels, m, 162-4 
for gears, V, 51 1-5 

for herringbone gears, m, 549-5; 550-2 
for metal q^nning chucks, V, 456-4 
for pemument molds, 11, 21-4 
foundry practice, III, 210-4 
gages, in, 279-2 
gears for machine tools^ III, 376-4; V, 

Si4-i 
gears, safe tooth pressure, V, 514-4 
gears, speed for cutting, V, 441-2 
gears, speed for bobbing, V, 441-4 
gears, working stress for, V, 508-r 
graphite for lubricating, IV, 245-4 
graphitic carbon, II, 32-4 
gray, n, 32-5; IV, 82-2 
grinding wheels for, m, 485-5 
grinding, work speed, m, 469-j; 470-j 
growth of, II, 34-2 
hardening, II, 23-j; 29-4 
hardness, HI, 528-2 
heat exi>ansion. III, 541-5 
indicating on drAirings, II, 427-4 
influence of boron on, I, 479-5 
in machine construction, VI, loo-z 
laps, IV, 158-5 
laps, test on, IV, 167-5 
latent heat, IV, 169-1 
lubricant for drillmg, IV, 254-j 
lubricant for tapping, IV, 254-4; VI, 

302-4 

malleable, IV, 306-1 
manganese, influence of, n, 33-1 
melting point, II, 33-5 
milling speed, V, 438-J 
mottled, rV, 81-4 
nickel in, II, 33-2; IV, 497-4 
ozy-acetylene welding, VI, 478-r 



Cast iron, patterns, IV, 550-2 
phosphorus, influence of, II, 33-r 
physical characteristics, II, 33-5 
pipe, V, 24-1 

piston rings, V, 80-4; 8i-j; 81-2 
planing feed, V, 437-4 
planing speed, V, 98-4; 437-2 
planing, tool for, V, X13-2 
polishing, V, 126-2 

pressure on tool for cutting, IV, 376-5 
pulleys, V, 180-7; 180-4 
refined, IV, 82-5 
screwed fittings, V, 40-5; 42-r 
seasoning, V, 330-5 
shrinkage allowance, IV, 540-1 
silicon, influence of, II, 33-4 
solder for, V, 386-4; 387-4 
soldering, use of epicassit, m, 64-j 
specific gravity, n, 33-5; V, 398-5 
specific heat, V, 401-5 
speed for drilling, table, V, 440- j 
speed for turning, V, 433-2; 434-' 
strength, I, 109-4; H, 33-5; VI, 97-1 
strength at different temperatures, VI, 

98-4 

sulphur, influence of, n, 33-4 

tapping, steel for taps, VI, 214-4 

testing, I, 109-5 

tinning, VI, 390-r 

titanium m, II, 33-2; VI, 293-5 

took for turning, VI, 395-2 

toughened, VI, 63-2 

turning, effect of cooling water, V, 435-2 

vanadium in, n, 33-2; VI, 416-r 

washed metal, IV, 356-4 

weight per cubic inch, V, 398-5 

welding, to steel, VI, 478-J 

wheeb for grinding. III, 469-r; 470-1 

white, n, 32-5; IV, 81-4 

white, definition, IV, 82-4 

white, hardness, m, 528-2 

white, used to prevent growth, II, 34-4 
Cast-iron pipe, V, 24-j 

expansion, V, 71-5 

flanged, table, V, 23-2 

flanges, table, V, 44-J 

general, V, 22-5 

protection against corrosion, II, 218-J 

strength, V, 22-4 

weight of, V, 22-4 
Cast-iron straightedge, VI, 94-2 
Castle nut, IV, 223-2 
Castor oil, IV, 244-2 
Cast pig iron, V, 21-5 
Cast steel, n, 34-4 

crucible, II, 271-2 

definition, IV, 82-2 

steel castings, 11, 30-5 
Cast-welding aluminum, I, 89-4 
Cast zinc, melting point, IV, 335-4 
Catalogues, standard sizes, II, 35-1 
Catalpa as fuel. III, 219-2 
Catalysis, definition, II, 96-2 
"Catching" threads in thread cutting, VI. 

233-4 
Catch-up type of drop-hammers, n, 500-r 
Catenaiy curve, II, 35-2 
Cat-head, H, 35-2 
Cathode, 11, 35-5 
in multiple ss^stem of copper refining, III, 

35-2 

in primary battery, I, 249-j 

in storage batteries, I, 253-4 
Cathodic protection agamst electrolysis, 

ni, 30-5 
Caustic soda, V, 386-2 

etching reagent, IV, 355-1 

for boiler feed water purification, I, 405-5 
Cavities in steel castings, VI, 72-4 
Cedar, as fuel. III, 219-2 

nail-holding power, IV, 486-4; V, 453-1 
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Cedar, poles, life of, VI, 317-^ 

poles, transmission line, VI, 316-4 

specific gravity, V, 399-1 

weight per cubic foot, V, 399-1 

weight per foot, V, 401-2 
Ceilings^ motors suspended from, IV, 456-j 
Cell, Bunsen, I, 251-j; 520-4 
Cell, Clark's, I, 352-4 
Cell, Daniell, I, 250-4; II, 303-4 
Cell-mounted <A1 switdies, VI, 173-4 
Callt, electrolytic, II, 535-4 

for oxygen production, IV, 51 1-2 

primary, I, 248-4 

storage, I, 255-4 
Cells, primkry, I, 248-4 

American BeU Telephone Co., I, 252-1 

application, I, 253-J 

bichromate, I, 250-j 

Bunsen, I, 25t-j; 520-4 

capacity, I, 253-2 

Clark, I,' 252-4 

dosed-drcuit, I, 249-2; 250-4 

Crowfoot, I, 2 50-1 ; 251-2 

Daniell, I, 250-4; II, 303-4 

dry, I, 252-2 

Edison-Lalande, I, 251-j 

Fuller, I, 252-j 

Gonda, I, 250-4 

Gordon, I, 250-2; 253-2 

Grenet, I, 250-j 

Harrison, I, 250-2 

Hayden, I, 250-4 

Hercules, I, 250-x 

H-form, I, 252-4 

Kahle's, I, 252-4 

Latimer-Clark, I, 250-2 

Law, I, 250-2 

Ledanch^, I, 250-2 

methods of connecting cells, I, 253-2 

open-circuit, I, 249-2; 250-x 

parallel connection, I, 253-2 

Parts, I, 250-1 

plunge, I, 25 2- J 

Poggendorfs, I, 250-/ 

polarization, I, 249-2 

series connection, I, 253-2 

standard, I, 252-4 

tests for, I, 253-j 

types, I, 249-4 

Volta's pile, I, 248-4 

Weston. I, 253-1 
Cdls, storage battery, I, 255-4 
Cells, voltaic, H, 535-5 
Celluloid, II, 35-j 

securing to wood, rubber or glass, II, 38-2 
Celluloid grinding wheel, HI, 471-4 

process for making, IH, 474-j 
Celsius thermometer, H, 35-4; VI, 232-5 
Cement, H, 35-4 

add-proof, H, 3 7-1; IV, 504- j 

coatings to prevent electrolysis, m, 30-5 

cost of, II, 36-j 

elastic, 11, 37-5 

dectric insulating, IV, 68-r 

for attaching celluloid, U, 38-2 

for belts, I, 324-4 

for belts, isinglass, I, 325-/ 

for high temperatures, IH, 138-5 

for iron and sted, II, 38-1 

for leather, 11, 37-4 

for rubber belts, V, 300-5 

heat expansion, IH, 541-4 

machinists', II, 37-4 

natural, II, 36-1 

oil-proof, n, 37-2; IV, 504-5 

Passow, n, 36-5 

Portland, II, 35-4 

Pozzuolanic, U, 36-2 

proof to chlorine, II, 37-5 

proof to hydrocarbon gases, H, 37-2 

Puzzolan, II, 36-2 

ai.s 



Cement, slag, II, 36-2 

spedfic gravity, V, 400-j 

stone, n, 38-1 

strength, VI, 97-2 

testing, in, 205-2 

waterproof, II, 36-4; IV, 504-3 

weight per cubic foot, V, 400-x 

zinc, VI, 568-5 
Cementation process, 11, 36-5 
Cement-copper, II, 206-5 
Cemented belt joints, 1, 324-2 

strength of, I, 336-5 
Cementing leather belting, in the manufac- 
ture, I, 320-4 
Cementing materials, H, 36-4 
Cementite, H, 38-2 

action of etching reagent, IV, 351-5 

in casehardening, 11, 7-2 

in metallography, IV, 350-5 
Cement-steel, definition, VI, 62-4 
Center-angle in spiral gearing, V, 461-2 
Center-board, thread rolling machine, VI, 

263-x 
Center, buoyancy, I, 521-x 

drde, IV, 339-5 

dead, VI, 388-x 

dead, lathe, IV, 169-4 

dead, locating, engine valve setting, VI, 
390-2 

dead, locating, locomotive valve setting, 

VI, 405-4 
ellipse, IV, 340-5 

gravity, IV, 33«-5 

gravity, by trial, m, 432-x 

Sra'Vity,pf figures of any outline, m, 431-2 

gravity, of two bodies, HI, 431-2 

gravity, surfaces and solids, UI, 429-x 

gyration, m, 489-4 

live, IV, 169-4 

oscillation, IV, 508-4 

oscillation, pendulum, V, 2-2 

percussion, IV, 334-3 
Center distance, chain sprockets, H, 64-2 

rope pullesrs, V, 294-2 

spur gearing, V, S02-X; 504-4 
Centered stock, fadng ends of, II, 39-4 
Center-feed hot-pressed nut machine, IV, 
498-2 

dies and tools, IV, 500-2 
Center gage, HI, 275-4 
Center grinder, IV, 169-5 
Center indicator, IV, 55-2 
Centering, H, 38-2 

drills, designating size, IV, 285-4 

feeds for, I, 164-2 

hob for gears. III, 345-5 

in automatic screw machines, I, 163-4 

machines, n, 38-4 

machines, designating size, IV, 285-2 

mechanisms, U, 40-x 

speeds for, I, 164-2 

tool-holders for, I, 164-2 

toob for automatic screw machines, I, 

163-4 
tools for hard material, I, 164-x 

tool steel, II, 39-5 

tools, tempering, HI, 519-5 

tools, turret lathe, VI, 367-2 
Center-packed pump, V, 192-x 
Center-punch, cup or bell, H, 38-5 

designating size, IV, 286-4 

for laying out, IV, 189-2 

locating methods, IV, 220-5 

marks, locating from, IV, 220-5 
Center reamers, H, 42-4 

pipe or bull, H, 43-2 
Centers, arbors and reamers, I, iii-x 

hipping, I, 122-5 

reaming, I, 122-2 
Centers, different forms of, for turning, H, 
39-^ 



Centers, grinder, truing, m, 452-5 
Centers, holding work on, for grinding, 

HI, 462-4 
Centers, index, IV, 386-4 

designating size, IV, 285-5 

multiple, IV, 55-x 

planer, V, 92-x 

shaper, V, 351-5 
CenteiH, lathe, IV, 169-2 

aligning, IV, 183-4 

lubricant for, IV, 251-2 

percentage of carbon in, I, 557-5 

pipe, V, 35-^ 

steel for, H, 274-x 

truing, IV, 169-2 
Center-square, H, 38-2 

designating size, IV, 287-x 
Centigrade thermometer, H, 35-4; VI, 

232-5 
Centigram, VI, 465-2 
Centiliter, VI, 465-2 
Centimeter, VI, 465-x 

cubic, in English units, VI, 465-5 

in inches, VI, 465-5 
Centimeter-gram-second (C. G. S.) ^stem 

of measurement, I, 6-x 
Central station switchboard, VI, 152-5 
Centrifugal air pumps, I, 56-4 
Centrifugal blowers, I, 383-4; 387-x 

pressures and capadties, I, 387-2 
Centrifugal boiler feed-pump, V, 136-5 
Centrifugal compressors, multi-stage, I, 

389-5 
Centrifugal fans, HI, 102-2 

actual capadty, HI, 105-4 

applications, HI, 102-4 

blast area, IH, 103-5; 105-4 

ooeffident of discharge, IH, 105-5 

cone type, IH, 102-5 

development, IH, 102-5 

effect of resistance, IH, 106-4 

effect of temperature on speed and power, 
HI, 104-4 

forced draft, I, 413-4; HI, 107-2 

general proportions, HI, 105-x 

horsepower, IH, 106-5 

induced draft, HI, 107-2 

mechanical draft, HI, 107-2 

motor drive, HI, 108-x 

power required, HI, 104-x 

pressures for different services, HI, 107-x 

relation between volume, pressure, and 
power, HI, 104-5 

theoretical capadty, IH, 103-4 

theory, IH, 103-x 
Centrifugal force, H, 43-5 

effect on belting, I, 338-5 

in flywhed rim, HI, 167-x 
Centrifugal process of producing copper 

tubes, HI, 37-2 
Centrifugal pomps, V, 200-4 

advantages, V, 201-2 

application, V, 203-x 

capadty, V, 207-2 

characteristic curves, V, 206^ 

classification, V, 201-5 

definition, V, 185-x 

effidency, V, 206-2 

for cutting lubricants, IV, 257-j 

guide vanes, V, 202-5 

impellers, V, 202-x 

methods of driving, V, 208-2 

motor drive, V, 209-2 

multi-stage, V, 203-2 

multi-stage, balancing, V, 205-2 

priming, V, 207-4 

Remolds, V, 203-5 

series and parallel operation, V, 202-4 

single stage, V, 201-4 

steam turbine driven, V, 209-5 

Sulzer, V, 204-2 
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Ontrifugal pumps, turbine type, V, los'i 
Cerium, II, 44-z 

mating point, IV, 335-' 
Ceruasite, IV, 194-j 

C G. S. system of measurements, I, 6-/ 
Chiiliit n, 56-2; 61- J 

B-block, n, 61-2 

hkxk, n, 61-2 

bucket elevutor, n, 203-j 

bushing, II, 61-4 

bush-roUer, n, 62-j 

care of, n, 57-1 

crane, n, 248-2 

crane, capacity of, n, $7-4 

crane, material for, II, 56-4 

crane, safe loads, n, 59-4; 60-2 

crane, safety of, I, 11-4 

door, for furnaces, HI, 237-j 

driving, casings for, II, 67-5 

driving, length of, II, 65-/ 

driving, lubrication, 11, 67-2; IV, 246-a 

efficiency, m, 216-j 

electrically welded, 11, 46-4 

engineer's, VI, 129-2; 133-^ 

Ewart, n, 62-2 

"figure-S" block, H, 61-2 

Gunter's, VI, 129-2; 133-2 

hardening, 11, 54-4; 55-2 

hoisting, n, 56-2 

length measure, VI, 463-4 

W^ng^hs lineometer for determining, U, 
6s-2 

link-belt, detachable, 11, 62-2 

link-belt driving, n, 74-r 

link-belt, sizes, 11, 7S-3 

link-belt, qxockets, II, 75-4 

making heavy, II, 50-4 

manufacture, II, 44-j 

metric, surveying, VI, 133-2 

multiple, II, 62-j 

pintle, n, 62-2 

l^ain-link, 11, 47-1 

repairing, II, 56-2 

roller, 11, 6i-j 

roller, dcrign, II, 63-r 

roller, horsepower, n, 64-r 

roller, sprocket shaft diameters, II, 66-j 

lofler, tension, n, 66-5 

rc^er, velocity, n, 66-5 

roller, working load, n, 63-4 

silent, n, 61-4; 68-4 

silent, guiding, II, 70-1 

sUent joints, II, 70-j 

silent, life of, II, 69-2 

sUent, tooth forms, 11, 73-1 

sprocket, making, II, 52-4 

sprockets, 11, 63-1; 66-r 

strength of, n, 57-1 

studded, 11, 57-2 

studded cable, 11, 58-j 

surveyors', VI, 133-2 

tempering, 11, 55-r 

transmission, n, 60-4 

twin, n, 62-j 

twin-roUer, II, 62-3 

twisted-link, II, 48-j 

welding, 11, 52-2 

weldless, II, 45-2 

wddless, manufacturing, II, 49-4 

weldless, strength of, II, 50-4 

¥nx>ught iron, VI, SS7-3 
Chain blocks, IV, 26-J 

working loads of, I, 382-j 
Chain drives, n, 60-4 
Chain forging, II, 50-4 

by hand, n, 55-4 
Chain-grate stokers, VI, 78-4; 79-j 
Chain hoists, FV, 26-5 
Chain hooks, m, 30-2 
Chain manofacttire, n, 44-j 

automatic chain press, II, 53-2 



Chain manufacture, automatic machines, 

n, 45-i 

coiling machine, IE, 44-2 

electric welding, II, 46-4 

hand-forging, II, 55-4 

hardening, 11, 54-4; 55-2 

heavy chain, II, 50-4 

plain-link chain, n, 47-r 

sprocket chain, II, 52-4 

twisted-link chain, 11, 48-j 

weldless chain, n, 45-2; 49-4 
Chain or ring oiling, I, 314-J 
Chain-press, automatic, II, 53-2 
Chains and slings for hoisting, 11, 56-2 
Chain aprocketa, center distance, n, 64-1 

clearance for, 11, 67-4 

diameters, II, 66-1 

machining, II, 68-x 

number of teeth, n, 64-j 

roller, n, 63-r 

shaft diameter, 11, 66-j 

silent, sprocket cutters, n, 71-3 
Chain transmission, n, 60-4 

block chain, II, 61-2 

bushing chain, n, 61-4 

chain tension, II, 66-j 

chain velocity, n, 66-5 

horsepowers, n, 64-j 

length of driving chain, n, 65-1 

lineometer, 11, 65-2 

link-belt, II, 62-2 

link-belt, action of, II, 74-2 

link-belt, applying, 11, 74-j 

link-belt, working loads, n, 77-j 

lubricants, 11, 67-2 

multiple chain, 11, 62-j 

pintle chain, II, 62-2 

roller chain, n, 61-5 

roller chain sprockets, design, II, 63-J 

silent chain, 11, 61-4; 68-4 

silent chain drive, design, n, 69-j 

silent chain, for machine tools, 11, 73-5 

sQent chain, guides, 11, 70-r 

silent chain, joints, II, 70-5 

speeds, II, 64-j 

twin chain, II, 62-j 

types of chain, n, 6i-r 

woridng load, n, 63-4 
Chain-type pipe wrench, VI, 554-J 
Chalk, heat insulating value, m, 542-4 

spcd&c gravity, V, 400-j 

specific heat, V, 401-j 

weight per cubic foot, V, 400-j 
Chamber, air, for pumps, V, 189-4 
Chambers, regenerative, open-hearth proc- 
ess, IV, 507-^ 
Chamber, vacuum, in pumps, V, 190-2 
Chamfering, bolts, I, 453-2 

die threads, II, 377-4 

gear teeth, m, 381-j 

gear teeth in diilling machines. III. 382-2 

gear-teeth, machine for, m, 381-4 

gear teeth with hollow milling cutter. III, 
382-3 

taps, VI, 219-2 

taps, defects due to, VI, 213-4 

tools, turret lathe, VI, 367-2 
Chandelier rouge, V, 125-4 
Change-gear lathe, quick, IV, 170-2; 174-j 
Change-gear mechianisms, V, 408-2 

applied to turret lathe, V, 412-4 

circular type, V, 41 1-4 

horizontid boring madiine, V, 430-5 

lathe, V, 408-2 

sliding gear and clutch type, V, 410-4 

sliding-key type, V, 409-4 

slidmg wonn-whed type, V, 41 1-2 
Change-gears, n, 78-2; IV, 172-7 

first lathe with, IV, 279-r 

for block indexing on gear-cutting ma- 
chines, m, 337--r 



Change-gears, for fractional threads, VI, 

247-3 
for gear hobs, IV, 14-4 
for indexing mechanism of gear-cutting 

machines, III, 336-4 
for metric pitches, VI, 247-4 
for spiral gear bobbing machines, m, 

363-4 
for spiral milling, IV, 406-7; 407-4 
for spring winding, V, 487-7 
for spur gear bobbing madiines, in, 344-4 
for taps long in lead, VI, sxx-j 
for thread cutting, VI, 246-2 
for worm-wheel bobbing, IH, 371-/ 

Changers, frequency, IV, 461-/ 

Channeling, 11, 78-2 

Channeling machines, II, 7S-2 

Channels, stmctnral, n, 8z-j 
bending, I, 344-2 

moment of inertia, I, 267-3; 268-3 
radius of gyration, I, 267-3; 268-3 
aectioa modulus, I, 267-3; 268-3 
strength of, I, 271-j 
tools for punching, V, 214-3 

Chaplets, IV, 413-2; 415-2 

Characteristic curves, centrifugal pumps, 
V, 206-4 

Characteristic of logarithms, IV, 241-/ 

Characteristic speed of turbine, VI, 450-j 

"Characteristic type," of tuifame, VI, 

450-/ 
Charcoal, n, 81-3 

for casehardening, II, 5-3 

for pack-hardening, IV, 514-2 

for preheating in gas welding, VI, 475-4 

heat insulating value, m, 542-3 

ignition temperature, IV, 45-4 

leather, and bone mixture for caseharden- 
ing, n, 6-x 

8pcd&c gravity, V, 400-j 

spoahc heat, V, 401-3 

volume of known weight, V, 401-/ 

weight of known volume, V, 401-1 

weight per cubic foot, V, 400-1 

willow, n, 216-2 
Charcoal furnaces for hardening, EH, 513-7 
Charcoal-hearth cast iron, IV, 82-2 
Charcoal iron, VI, 555-2 

pig, V, 2X-4 
Charcoal plates, VI, 290-3 
Chard deep-hole drill, n, 451-2 
Charging a gas producer, in, 314-2 
Charging cupola furnace, n, 277-2 
Charging laps, IV, 162-3 

for jig busings, IV, 99-3 

lapping whed, IV, x66-7 
Chaigiiig pipe, pump, V, 191-r 
Charging plug switches, VI, 165-j 
Charles law. III, 307-2 
Charpy impact machine, IV, 46-r 
Charred leather for pack-hardening, IV, 

514-^ 
Chaser dies, inserted, II, 38X-2 
Chasers, n, 81-3 

designating size, IV, 285-3 

die, II, 85-2 

die, angle of top rake, II, 87-2 

die, hobs for, II, 89-4 

die, re-cutting, II, 90-2 

die, threading, II, 86-4 

die with inserted, II, 381-2 

for threading pipe, V, 47-7; 55-3 

grinding, II, 87-3 

grinding for threading brass, II, 89-r 

hand, n, 8x-4 

hobs for threading, 11, 83-4 

lubricant for bobbing, II, 85-2 

pipe tap, n, 82-4 

planing process of making, 11, 84-2 

right- and left-hand thread, II, 81-4 

taper threads, II, 82-4 
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Chasers, tempering, HI, 519-j 

threading-tool, II, ^8-2 

U. S. standard threads, n, 8a-j 

V-thread. H, 82-3 
Chaang threads, dial for, VI, 233-2 
Chasing tools, designatixig size, IV, 285-j 
Chattering, 11, 90-j 

in grinding, II, 91-2; JII, 451-2 

preventing, in internal grinding, HI, 459-4 

preventing, in turret lathe, VI, $7^-3 
Checker brick. III, 140-3 
Checking drawings, II, 399-4 
Checking, in tools, cause of, VI, 297-r 
Checking patterns, IV, 550-4 
Check-nuts, IV, 222-2 

hexagon, I, 454-2 

location on stud, n, 91-3 
Checks for tool-rooms, cabinet for, 11, 92-2 
Check systems for tool-rooms, II, 91-4 
Check-valves, VI, 385-j 

automatic, V, 63-1 

locomotive, IV, 236-j 
Cheek, definition, IV, 412-4 
Chemical affinity, n, 93-2 
Chemical analysis, n, 96-2 
Chemical change, 11, 93-2 
Chemical combinations, laws of proportion, 

n,96-4 
Chemical compounds, 11, 95-4 
Chemical effect, measuring current by, m, 

iS'3 
Chemical elements, atomic weights, II, 94-r 

melting points, IV, 335-1 

lymbols, n, 94-1 
Chemical equations, 11, 96-j 
Chemical equivalents, II, 94-j 
Chemical force, II, 93-2 
Chemical protection to prevent electrolysis, 

in, 30-2 
Chemical reactions, II, 95-4 
Chemical tests of electrical insulation, IV, 

60-2 
Chemical valence, n, 94-4 
Chemistry, n, 92-j 

acids, n, 97-2 

analysis, ll, 96-2 

analytic, definition, 11, 92-4 

atomic weights, n, 93-5; 94-1 

bases, n, 97-5 

chemical equivalents, n, 94-j 

combustion, II, 98-1 

compounds, n, 92-4; 95-j 

compounds, classification, n, 97-2 

crystallography, II, 98-r 

elements, II, 92-4 

elements, classification, n, 97-1 

energy, II, 97-4 

equations, II, 96-j 

explosion, 11, 98-j 

forms of matter, 11, 93-2 

formulas, n, 95-j 

inorganic, definition, 11, 92-5 

ions, n, 96-2 

laws of proportion in combinaticMis, 11, 
96-4 

matter, definition, 11, 92-4 

molecular weights, n, 93-5 

of gas producer. III, 3x4-4 

organic, definition, II, 92-j 

oxidation, II, 98-/ 

oxidizing agent, II, 98-r 

reactions, U, 95-4 

reducing agent, II, 98-1 

salts, n, 97-4 

symbols, II, 95-j 

synthetic, definition, II, 92-4 

thermochemistry, II, 98-2 

trace in, VI, 301-j 

valence, II, 94-4 
Cherries for drop-forging dies, 11, 494-j 
Cherrying head, cam-operated, IV, 399-5 



Cherrying head, die-sinking machine with, 
IV, 398-2 

operation, IV, 398-4 

relief mechanism, IV, 399-2 
Cherrying, in die-sinking, II, 494-1 

cutter for, IV, 399-4 
Cherry wood, as fuel, in, 219-2 

for patterns, IV, 536-2 

specific gravity, V, 399-j 

weight per cubic foot, V, 399-1 
Chester emery, HI, 56-j 
Chestnut wood, nail-holding power, IV, 
486-j; V, 4S3-J 

poles, life of, VI, 317-2 

poles, transmission line, VI, 316-4 

specific gravity, V, 399-/ 

weight per cord, V, 401-r 

weight per cubic foot, V, 399-1 

weight per foot, V, 40X-2 
Chicago building code, columns made to, 

n, 169-4 
Chicago hose thread, IV, 32-4 
Chill-cast pig iron, V, 21-5 
Chilled cagtings, II, 34-4; 98-3 

car wheels, 11, 98-3 

coke for, II, 99-2 

composition, 11, 280-2 

draw-plates, VI, 51 2-3 

hardness of, IV, 321-2 

molds, II, 99-3 

nut forging dies, IV, 500-2 

rolls, V, 280-4; 389-2 

rolls, toob for, II, 274-2; IV, 7-3 

speed for turning, V, 433-4 
Chilled rolls, V, 280-4; 289-2 
Chilled wearing surfaces, II, 100-2 
Chilling-cracks in alloys, I, 67-2 
Chills, contracting, II, 99-3 

for obtaining uniform cooling, 11, xoi-j 

steel foundry practice, VI, 70-1 

use of, in molding, IV, 422-2 
Chimneys, II, xoi-2 

brick, furnace, m, 238-4 

firebrick for. III, 143-1 

foundations, m, 239-2 

power plant, V, 135-4 
China day, n, 2x5-1 

for insulation, IV, 63-4 
Chinese alloys, 11, X03-3 

bronze, 11, 103-3 

copper, n, 103-3 

gongmetal,I,5x8-r; II, 103-3 

white silver, m, 4x2-2 
Chipping, n, X07-3 

chisels, n, X07-J 

chisels, percentage of carbon in, I, 557-3 

in die-sinking, II, 48&-2 

precautions in, II, 108-x 

stamping dies, V, 525-4 
Chips, action of magnetic chucks on, IV, 
300-4 

briquetting, I, 505-4 

effect on tool and fixture design, II, X03-4 

in deep-hole drilling, 11, 453-2 

separating from oil, IV, 265-4; 503-3 
Chisels, n, 107-/ 

blacksmiths', I, 373-3 

blacksmiths', steel for, I, 374-4 

designating size, IV, 286-4 

for cutting files. III, xxo-3 

for die-sink?ng, 11, 488-2 

hardening, 11, 107-2 

percentage of carbon in, I, 557-3 

pneumatic, steel for, VI, 301-2 

precautions in use of, 11, io8-r 

steel for, 11, 107-2; 274-1 
Chlorate, potassium, spontaneous com- 
bustion, V, 480-2 
Chloride, anmionium, as soldering flux, V, 
392-/ 

barium, heating bath, m, 5x3-4 



Chloride, calcium, as a freezing nuxture^ 
m, 214-Z 
calcium, in boiler feed water, I, 397-J 
copper ammonium, etching reagent, IV, 

355-2 
copper, etching reagent, IV, 355-^ 
cupric ammonium, etching reagent, IV, 

354-2 
ferric, etching reagent, IV, 354-2 
manganese, used in aluminum bronze, I, 

74-' 
mercury, life of wood treated by, VI, 318-3 
of lime, removing from boiler feed water, 

1,405-x 

of magnesia, in boiler feed water, I, 397-r 

of magnesia, removing from boiler feed 
water, I, 405-1 

potassium, in boiler feed water, I, 397-/ 

sodimn, in boiler feed water, I, 397-1 

sodimn, melting point, V, 224-4 

zinc, as soldering flux, V, 39X-3 

zinc, life of wood treated by, VI, 3x8-3 

zinc, preparing, V, 39^-3 

zinc, used in tinning, VI, 289-4 
Chlorine, II, X08-2 

absorbed by water, I, 6-4 

cements proof to, II, 37-3 

effect on platinum, V, 1x9-4 

melting point, IV, 335-j 

specific gravity, V, 399-2 

specific heat, V, 401-2 
Chloroform, boiling point, I, 448-4 

specific heat, V, 401-2 
Choke cofl, definition, V, 531-1; 533-2 

for lightning arresters, IV, 2x0-3 
Choking of copper blast furnace, II, 205-3 
Chordal pitch, II, 12X-4 
Chordal thickness of gear-cutters and gear 

teeth, in, 321-3; 324-' 
Chord of drde, IV, 339-3 

geometrical properties of, m, 409-3 
Chromate, barium, n, 214-4 

barium and zinc, II, 2x6-3 
Chromate of lead, II, 2x5-1 

basic, II, 2 1 6-7 
Chromate of zinc, II, 216-2 
Chromatic speed range, IV, 272-2 
Chrome brick, ni, 138-r 
Chrome green, n, 215-j 
Chrome-nickel steel, I, 75-4; IV, 490-4 

annealing, IV, 492-4 

broaching, I, 5x2-2 

carburizing, IV, 493-1 

casehardening, I, 83-7; n, 12-4; IV, 

493-r 
chromium, effect of, IV, 49x-r 
composition, I, 79-2; 80-2; IV, 492-2 
cutting speed, IV, 493-4 
for casehardening, I, 82-j; n, 3-4 
for drop-forgings, n, 478-1 
hardness, ni, 538-2 

heat-treatment, I, 79-1; 8o-x; IV, 492-4 
machining, IV, 493-r 
manganese, effect of, IV, 492-1 
natural alloy, IV, 493-2 
natural alloy, application, IV, 495-J 
natural alloy, casehardening, IV, 494-4 
natural alloy, heat-treatment, IV, 494-3 
nickel, effect of, IV, 49X-4 
phosphorus, effect of, IV, 492-2 
strength, I, 79-7; 80-7; VI, 99-7; 417-3 
sulphur, effect of, IV, 492-2 
tempering, IV, 493-i^ 
Chrome-nickd-vanadium steel, strength, 

VI, 417-3 
Chrome-silicon steel, I, 82-7 
Chrome steel, definition, VI, 62-4 
Chrome-tanned leather belting, I, 319-4 

effect of weather on, I, 339-7 
Chrome-tungsten steel, I, 76-7 

spark picture, IV, 83-3 
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CHROME-VANADIUM STEEL — CIRCULARS 



Chrome-yiiiAditim staelt I, 76-1; 82-a; 

VI. 417-J 

car wheels, VI, 4x8-2 

composition, I, 80-4; VI, 99-2 

for casehardening, I, 82-j 

for drop-forcings, II, 478-2 

for springs, V, 500-j 

heat-treatment, I, 80-5 

strength, I, 80-3; VI, 99-2; 417-3 
Chrome yellow, n, 215-j 

lemon, 11, 215-2 

orange, n, 2x5-3 
Chromic add, etching reagent, IV, 354-2 
Chromic iron, 11, 108-5 
Chromite, II, 108-j 

Chromite brick, melting point, m, 138-2 
Chiomiiim, n, io8-j 

alloy, nichrome, IV, 489-j 

alloy steel, stainless, V, 523-4 

alloy, stelllte, VI, 73-2 

boiliog point, I, 449-r 

effect on steel, IV, 491-r 

influence on cast iron, n, 33-r 

influence on high-speed steel, IV, 1-2 

melting point, IV, 335-r 

oxide of, n, 2x5-1 

percentage in high-speed steel, IV, 4-4 

percentage in nickel-chromium steel, IV, 
492-j 

specific gravity, V, 398-3 

steel, I, 75-2; IV, 490-^ 

weight per cubic indi, V, 398-j 
Chromium-nickel steel, see Chrome-nickel 

steel, IV, 490-4 
Chromium steel, I, 75-2; IV, 490-4 

casehardening, II, X2-4 

for casehardening, n, 3-3 

wire, drawing, VI, 5x3-/ 
Chuck closer, automatic, for bench lathe, 

1.342-3 
Chucking, avoiding chip troubles in, n, 

105-2 
Chucking drills, designating size, IV, 285-4 
Chucking gears for grinding, m, 466-2 
Chucking grinder. III, 443-4 

operations on, HI, 461-2 
Chucking lathes, VI, 354-4 
definition, IV, X70-4; VI, 351-r 
motor drive, IV, 450-2 
multiple-spindle, I, 187-4 
Chucking machines, VI, 355-1 
definition, VI, 351-1 
multiple spindle, I, 187-4 
Chucking reamers, II, X08-4 

fluted, n, 108-4 

grooved, n, X09-2 

rose, n, 109- J ; V, 298-3 
Chuck jaws, faceplate, IV, 187-4 

percentage of carbon in, I, 557-3 
Chuck quill for bench lathe, I, 342-4 
Chucks, n, xxo-i 

air-operated, n, 1x3-2 

application to lathe work, IV, X84-3 

cam-ring type, II, 111-3 

collet type, 11, 110-3; X12-4 

combination, II, 110-3; 11 2-3 

conical scroll, 11, 11 1-4 

designating size, IV, 285-4 

draw-in and push-out, H, 11 2-4 

drill, n, 429-2 

drill, automatic tjrpe, II, 429-3 

drill, cam and eccentric- jaw, II, 430-3 

drill, geared-sleeve, II, 429-3 

drill, geared sliding-sleeve, II, 43X-2 

drill, keyless ball-bearing, 11, 430-2 

drill, quick-change collet, 11, 43X-4 

drill, roller-bearing, 11, 430-4 

drill, sliding-sleeve collet, 11, 432-2 

drill, two-jaw screw type, U, 429-4 

elliptical, II, 114-3 

end-clamping, for grinding. III, 464-4 



Chucks, independent, n, 110-4 

magnetic, IV, 290-r 

magnetic, for grinding, m, 465-x 

magnetic, for planer, V, 117-3 

metal spinning, V, 454-4; 456-2 

metal spinning, sectional, V, 455-1 

metal spixming, split, V, 455-1 

planing work held in, V, iii-i 

pneumatic, 11, 113-2 

scroll, n, 1 1 1-3 

settixig work in, IV, 186-2 

firing operated, II, 114-j 

step, for bench lathe, I, 343-r 

tapping, automatic reverse, VI, 196-2 

tapping, friction-rodudng, VI, 196-3 

tapping, quick-change, 11, 43X-4 

two-jawed, n, 1x2-1 

universal, II, x xo-3; i x 1-2 
Chuck work, holding devices, VI, 372-4 

in turret lathe, VI, 373-2 
Chute and hopper feed, press, V, 160-j 
Qndxmati plan of engineering education, 

VI, 305-1 
Cinnabar, n, X15-/ 
Circle, n, 1x5-1 

circumference and areas on slide-rule, 
V, 380-4 

circumscribed, V, 127-4 

concentric, IV, 340-1 

dividing periphery, IV, 192-2 

dividing, table for settixig dividers, IV, 

193-J 

dividing, tool-room practice, II, 387-4 

equation for, I, 93-3 

geometrical construction, HI, 410-4 

geometrical properties, DDE, 408-4 

half, center of gravity, HI, 429-2; 429-4 

half, moment of inertia, I, 266-3 

half, radius of gyration, I, 266-3 

half, section modulus, I, 266-3 

inscribed, V, 127-4 

mensuration, IV, 339-3 

moment of inertia, I, 266-3 

polar moment, VI, xo6-j 

radius of gyration, I, 266-3 

ring, center of gravity, IH, 430-j 

ling, moment of inertia, I, 266-3 

ling, radius of gyration, I, 266-3 

ling, section modulus, I, 266-3 

section modulus, I, 266-3 

sector, center of gravity, HI, 429-4 

segment, center of gravity, HI, 429-4 

value of pi, V, 19-3 

Zeuner, VI, 379-1 
Circle brick, HI, 14X-2 
Circles, 2^euner, VI, 379-1 
Circttit-breakerB, H, XX5-2 

air-operated, H, 120-3 

attachments, H, X20-3 

automatic tripping, relays, V, 249-2 

calibration, H, 1x8-3 

carbon-break, H, XX5-4 

care of, H, X20-4 

connections, H, 11 8-4 

construction, H, 115-4 

contact nuts, U, xx8-4 

dimensions, H, 12 1-2 

hand-operated, H, 1x9-4 

insulation, II, xx9-/ 

magnetic blow-out, H, 1x5-2 

means of tripping, H, X16-2 

motor-operated, H, X20-2 

non-automatic, VI, X60-3 

ofl, VI, 166-2 

on switchboards, VI, x45-3 

open-arc, H, XX5-4 

operation, II, 1x9-2 

pneumatically-operated, H, 120-3 

rupturing capacity, II, X19-2 

solenoid-operated, H, x2o-i 

studs, II, xx8-4 



Circuit-breakers, supply ports for, H, 12X-2 

temperature rise, H, 1x8-4 

tripping devices, H, 116-3 

weights, H, 12X-2 
Circuit, earth, H, 5x8-1 
Circuit protection, switchboard equipment, 

VI,x50-3 
Circtdts, altemating-aarreiit, H, 541-2 

combination, U, 54X-2 

delta-coimected, H, 543-3 

example of calculations, H, 541-3 

parallel, H, 542-2 

power, definition, V, 529-2 

power-factor correction, H, 543-2 

quarter-phase, V, 227-2 

single-phase, U, 542-3 

star-connected, II, 543-/ 

three-phase, H, 543-1 

three-phase, calculations, H, 543-4 

two-phase, H, 542-4; V, 227-2 
Circuits, earth, H, 5 18-j 
Circuits, electric, H, 533-3 

definition, H, 527-3 

for lighting, H, 552-3 

parallel, H, 542-2 
Circular arc, IV, 339-4 

center of gravity, HI, 429-2 

geometrical properties of, HI, 409-4 

Huyghen's approximation for length of. 

in, 14X-3 

Circular attachment for die-sinking, H, 

487-4 
Circular change-gear mechanism, V, 411-4 
Circular-cut file, HI, X22-3 
Circular cutter planer tool, V, XX4-3 
Circular dividing machine, HI, 421-2 
Circular file, HI, X23-3 
Circular flat plates, strength of, HI, 155-/ 
Circular form tools, I, 150-4; IH, X93-J 

ai^lications, I, 15X-J 

arrangement, I, X52-3 

calculations, HI, 200-3 

holding, I, 15X-4 

making, HI, X98-3 

micrometer for measuring, HI, 199-2 

side clearance, I, X55-3 

templets, IH, 198-4 

with top rake, HI, 200-4 
Circular inch, H, x2x-3 
Circular lifting magnets, IV, 204-3 

capacity, IV, 206-r 
Circular measure, radian, IV, 337-2 
Circular mil, H, x2x-3 
Circular milling, attachment, IV, 389-2 

machine, IV, 396-4 

machine, designating size, IV, 285-1 
Circular pitch, H, x2x-4 

normal, HI, 325-j 

of bevd gear, I, 353-2 

spur gearing, formulas, V, 502-3 

q>ur gearing, table, V, 504-r; 505-3 
Circular planing attachment, V, 92-3 
Circular plate, stopping off, in molding, 

IV, 54^4 
Circular ring, IV, 340-J 

sector, IV, 340-2 
Circular sawing machines, designating size, 
IV, 284-4 

in pattenmiaking, IV, 535-<? 

motor drive, IV, 440-2 

speed, V, 444-r 
Circular saws, manufacture, V, 312-j 

percentage of carbon in, I, 557-4 

sharpening machines for, designating size, 
rV, 285-2 

wood, manufacture, V, 3^4-4 
Circular sector, IV, 339-4 
Circular segment, IV, 339-4 
Circular shears, V, 355-J 
Circular spacing, IV, 192-2 
Circulars, standard sizes, H, 35-j 
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Circular thread-tool, holders for, VI, 379-2 
Circulatug water intake and diachaxge, V, 

139-2 
Circulating water piinng, V, 140-5 
Circulation, air in electric substationfl, W, 

148-4 
Circumference of cirde, IV, 339-j 

on slide-rule, V, 380-4 

value of X, V, 19-j 
Circumference of earth at equator, VI» 

463-4 
Circumference of ellipse, IV, 340-j 
Circumscribed circle, V, 127-4 
Cistern barometer, I, 248-4 
Citric add soldering flux, V, 393-1 
Citroen gears, m, 544-2 
Qack valves, pump, V, 193-2 
Clamp bralces for cranes, n, 350-2 
Clamp collars, n, 12 1-4 
Clamp coupling, II, 339-4 
Clamp-hub pulley, V, 180-j 
Clamping bolts, planer, V, 115-4 
Clamping cutters in tool-holders, VI, 398-2 
damping device, jig, IV, loi-j 

applications, IV, 109-j 

bell-mouthed bushings, IV, 110-4 

cams, IV, 1 1 3-1 

damps, IV, 101-3 

eccentrics, IV, 108-2 

hook-bolts, IV, 103-2 

requirements, IV, 116-2 

screw tightening devices, IV, 103-4 

swinging leaves, IV, 105-1 

wedge or taper gib, IV, 107-2 
Clamping device, micrometer, IV, 365-r 
Clamping, distortion due to, II, 122-5 
Clamping jigs, IV, 118-5 
Clamping molds, IV, 414-5 
ClamiMng or locking devices for machine 
tools, n, 123-2 

bolt clamping, 11, 125-r 

eccentric damping, 11, 127-2 

friction locking, n, 130-4 

positive locking, 11, 128-4 

quick-rdeasing, 11, 128-4 

set-screw damping, II, 124-4 

split collar clamping, 11, 1 26-4 

spring plungers, II, 130-5 

wedge damping, n, 127-r 
Clamps, designating size, IV, 386-5 

diemakers', II, 347-1 

for jigs, IV, 101-5 

planer, V, 115-2 
Clamp-type belt tension scales, VI, 333-2 
Clam-shell brakes, I, 483-5 
Clapper-box, planer, V, 95-/ 
Clapper valves, pump, V, 193-2 
Clark standard cell, I, 352-4 
Clark's wire gage, VI, 510-2 
Qash gears, material for, V, 515-5 
Claw type hydraulic jack, IV, 89-2 
Clay, baked, heat insulating value, m, 

542-^ 

bearing capadty for foundations. III, 
309-7 

China, 11, 315-1 

crudbles, n, 369- r 

crucibles for steel melting, 11, 373-7 

fire, fusing point, in, 136^4 

for luting casehardening boxes, 11, 8-4 

heat insulating value, m, 543-4 

insulation for local casehardening, n, 
9-2 

porcelain, IV, 63-4 
Cleaning bath, electrochemical, m, 37-4 
Cleaning casehardened work, II, 14-4 
Cleaning castings, III, 313-5 

brass, I, 496-5 

brass, solution for, V, 31-/ 

sand-blast, V, 307-/ 
Cleaning files, III, 132-4 



Cleaning forgings, pickling solution, VI, 

488-2 
Cleaning solutions for brass or bronze, 11, 

164-5 
Cleaning solutions, soda and potash, V, 

386-2 

Qetrance, n, 131-2 

angular, for dies, n, 349-2 

between punches and dies, n, 348-4; V, 
2x6-5 

for chain sprockets, n, 67-4 

for counterbores, n, 333-4 

for drawing dies, n, 408- j 

in air compressors, e£fect of, 1, 44-4 

in square threading dies, II, 379-2 

in steam engines, VI, 4-1 

in steam engines, table, VI, 5-4 

of circular tools, I, 155-5 

of cutting edge of toob, VI, 394-5 

of gears cut on gear shaper, V, 505-2 

of reamer teeth, V, 344-r 

of rectangular drawing dies, 11, 415-2 

of spur gearing, V, 502-2; 505-2 

of thread tools, planing, VI, 285-4 

of twist drills, n, 466-5; 470-j 
Clearance angles, for broach teeth, I, 509-2 

for drills, II, 433-5 

for grinding cutter teeth, 11, 287-5 
Clearing solution for pyro stains, V, i8-x 
Cleft wdding, VI, 471-2 
Clement planer, IV, 280-5 
Clevdand grip sockets, 11, 131-2 
Clinker formation in gas producer, m, 316-r 
Clip, Crosby, VI, 530-2 
Clock brass, I, 490-5 
Clock-dials, alloy for, I, 377-r 
Clock-makers power press, V, 15 1-5 
Clock screw thread, Swiss, VI, 270-2 
Oosed jigs, IV, 1x8-5 

design, IV, 128-5 
Qose nipple, V, 43-2 
Cloth, abrasive, I, 2-1 

coating process in manufacture of, I, 3-1 

for polishing, V, 123-5 
Cloth, dinking die for cutting, II, 382-4 
Cloth, electric insulating, IV, 66-2 

insulating value, IV, 6X-5 

micabond, IV, 358-J 

micanite, IV, 357-4 
Cloth finish for instrument parts, m, 135-2 
Cloth for blueprinting, I, 394-5 
Cloth gears, V, 5x2-4 
Cloth-moimted drawing paper, II, 421-5 
Cloth tape, VI, X33-5 
Cloth, tradng, II, 422-2 
Qutch and sliding gear change-gear mech- 
anism, V, 4x0-4 
Qutch-controlled upright drill feed mech- 
anism, V, 417-r 
dutches, n, 13 2- J 

automobile, n, 14X-2 

Bliss, n, 137-4 

Brofm, n, X36-J 

cone, II, 133-5; 134-2 

contracting band, II, 142-4 

cork inserts in, II, X44-5 

disk, n, 142-4 

expanding band, 11, 142-4 

Ferracute, n, 138-2 

for geared headstocks, V, 404-5 

friction, n, X33-5; V, X57-2 

friction, types of, n, 134-4 

Frisby, H, 135-4 

Hde-Shaw, n, 143-2 

HOI, n, 136-4 

Billiard, n, X4x-j 

hoisting machinery, II, 136-4 

Horton, 11, 138-4 

"Ideal," n,x42-2 

internal-expanding, II, 133-4; X35-2 

Jaeger, U, 140-2 



Clutches, Johnson, II, X36-5 

machine shop, II, X35-5 

magnetic, II, 144-1 

magnetic, for planer, V, 107-2 

Max Ama, II, 139-5 

milling saw-tooth, n, 133-1 

Moore, n, 143-1 

Morgan, n, 136-2 

Mossberg, II, 138-5 

multi-cone, n, 143-j 

multi-cone friction, 11, 133-4 

multiple-disk cone, n, 142-2 

pneumatic, II, 143-4 

pneumatic, for planer, V, 107-5 

pneumatic, for slotters, V, 385-r 

positive, n, 133-2 

positive, cutting teeth in, 11, 133-4 

power hammer, H, 144-2 

power press, n, 137- Jr; V, 155-4 

power press, block, V, 156-5 

power press, friction, V, 157-2 

power press, rocker-arm, V, 156-j 

power press, roUer-jaw, V, 156-4 

power press, safety, V, 157-2 

power press, sliding-pin, V, 156-5 

Ramsbottom, n, 134-4 

safety, V, 157-2 

single disk, II, 134-j 

spiral jaw, II, 132-4 

Stiles & Fladd, II, 138-j 

Stiles & Parker, II, 137-5 

straight-tooth, II, 132-5 

Weston, II, X35-2 

Weston disk, II, 134-1 
Clutch-operated planer, V, 106-4 
Clutch speed-changing mechanism, VI, 

431-5 
Clutch transmission, silent-chain tsrpe, VI, 

433-^ 
variable-speed, VI, 433-4 
Clutch type countershaft, II, 336-5 
Coach screws, V, 328-5 

Cos], n, 145-/; ni, 218-1 

angle assumed by pile of, VT, 92-4 
anthradte, heat insulating value. III, 

542-4 
anthradte, smokdess combustion, II, 

170-4 
anthradte, specific gravity, V, 400-j 
anthradte, weight per cubic foot, V, 400-1 
as furnace fud. III, 230-j 
ashes, heat insulating value. III, 543-4 
average weights and volume, II, 145-4 
bituminous, producer gas from. III, 315-5 
bituminous, smokdess combustion, n, 

171-z 
bituminous, specific gravity, V, 400-r 
bituminous, weight per cubic foot, V, 

400-r 
bunkers for, steam plant, V, 133-5 
classification, 11, 145-j; III, 3x8-/ 
compared with coke as cupola fuels, II, 

38X-4 
consumption, steam pumps, V, 197-2 
crushing, V, 133-1 
dust, as fuel, m, 3x8-4 
equipment for handling, steam plant, V, 

132-4 
firing imder boilers, I, 4x1-5 
heating value, n, 145-5 
lignite, IV, 310-4 

pockets, cost of concrete, II, 174-2 
spedfications for, 11, 145-4 
spedfic heat, V, 401-5 
spontaneous combustion, V, 479-i} 
steam produced per pound, VI, 39-j 
storage bin walls, VI, 92-5 
storage, steam plant, V, 132-4 
volume of, V, 401-j 
wdghing, in steam plant, V, 133-j 
weight of, V, 401-1 
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Coal-cutters, electric, IV, 439-^ 
Coal-dust fuel, III, 21S-4; 219-j 
Coal furnace, casehardening. III, 263-4 

hardening, III, 513-x 

steel foundry, VI, 66-2 
Coal-gas used for metal cutting, VI, 4S2-1 
Coal hole, steel foundry, VI, 66-2 
Coal-tar creosote, VI, 317-4 
Coal tar, ignition temperature, IV, 45-4 

life of wood treated by, VI, 31^3 
Coal-tar naphtha, IV, 486-4 
"Coarse" metal (copper), II, 205-1 
Coarse-pitch milling cutter, IV, 369-2 
Coatings, cement, to prevent electrolysis, 

in, 30-3 
Coatings, conducting, to prevent electrol- 
ysis, in, 30-4 
Coatings, for laying out, IV, 190-2 
Coatings, jirotectiTe, for cast-iron pipes, 
n, 21S-Z 

for crudbles, II, 271-r 

for finished surfaces, IV, 519-4 

for furnace electrodes. III, 246-4 

for iron and steel, II, 2x3-4; 280-j 

for wire rope, V, 298-2 

Schoop process, V, 3x6-2 

testing galvanized. III, 281-4 
Cobalt, n, X46-1 

alloy, stellite, VI, 73-2 

deposited per ampere-hour, m, 42-j 

electroplating, II, 147-1 

impurity in copper refining, III, 34-a 

melting jiomt, IV, 33S--'" 

plating with. III, 44-4 

specific gravity, V, 39^3 

steel, n, 146-4 

weight per cubic inch, V, 398-j 
Cobbing iron ore, IV, 86-2 
Cobbles in rolling steel bars, I, 371-4 
Cock valve, VI, 385-2 
CoefBdeiit, m, 202-4 

delivery, centrifugal pumps, V, 207-1 

in algebra, I, 60-4 

manometric, V, 206-4 

of discharge of bbwers, I, 385-4 

of discharge of fans. III, 105-j 

of expansion of pipe materials, V, 71-j 

of friction, definition, III, 214-2 

of friction, in brakes, I, 480-j 

of friction, journal. III, 216-2 

of friction, of belting and pulleys, 1, 335-4 

of friction, of friction wheels, III, 217-j 

of friction, of various materials. III, 215-2 

of heat radiation. III, 542-2 

of heat transmission, m, 542-j 

of mutual induction, V, 529-4 

of self-induction, V, 529-4 
Cohesion, definition, II, 93-2 
Coil brakes, I, 487-5 

Coil heaters for boiler feed water, I, 407-4 
Coiling machine, for chain making, U, 44-2 

for springs, V, 487-2 
Coiling springs, V, 480-4 

machines for, V, 487-2 
Coil, magnetic chuck, IV, 298-5 
Coil, moving, in pyrometer voltmeter, V, 

221-4 

Coil, reactance or choke, V, 531-1; 533-2 

for converters, n, 193-2 

for lightning arresters, IV, 2x0-5 
Coil, Ruhmkor£f, V, 300-5 
Coil spacing of springs, hook for, V, 483-4 
Coil spring, V, 492-4 

conical, formulas, V, 498-4 

formiflas, V, 496-1 

safe stresses, V, 496-2 
Coil, temperature, VI, 222-4 
Coil temperature, lifting magnet, IV, 207-4 
Coil, testing switch trip, VI, 177-2 
Coin dies, II, 357-5 
Coining presses, V, 153-4 



Coining, jxessures required, 11, 358-5 
Coke, n, 147-2 

compared with coal as cupola fuels, 11, 
281-4 

consumption, of cupolas, II, 281-5 

lor chilled castings, II, 99-2 

for welding, VI, 470-2 

furnace fuel. III, 230-1 

heat insulating value, m, 542-4 

specific heat, V, 401-5 

volume of, V, 401-1 

weight of, V, 401-r 
Coke furnaces for hardening, HE, 513-r 
Coke pig iron, V, 21-5 
Coke plates, VI, 290-5 
Coking in gas producers, in, 316-z 
Cold-bending test, VI, 230-2 

machine for, VI, 230-5 

on wrought iron, VI, 556-4 

principle, VI, 224-4 
Cold-blast pig iron, n, 279-2 
Cold chisels, designating size, IV, 286-4 

percentage of carbon in, I, 557-5 
Cold-drawing, 11, 147-5 
Cold-drawn bars, specifications for, II, 

147-4 
"Cold-end" of thermo-couple, V, 223-r 
Cold extrusion process, m, 86-2 
Cold-heading, n, X48-2 

ball-heading, n, 156-5 

cut-off tools, n, 155-4 

dies and tools, n, 153-4 

double-stroke heading, 11, 152^ 

early development, 11, 148-4 

heading machines, II, 149-/ 

operations, n, 15 1-5 

principle, II, 148-2 

punches, 11, 154-j; i5S-' 

single-stroke heading, n, 15 1-4 
Cold-pressed drawing paper, 11, 420-4 
Cold-rolled sheet steel, II, 157-1 

annealing furnaces, n, 157-2 

finishing edges, II, 159-5 

hardening and tempering, II, 159-4 

pickling, II, 158-5 

polishing, II, 159-4 
Cold-roUed steel, II, 147-4 

bars, specifications for, II, 147-4 

for metal spiiming chucks, V, 456-4 

for shafting, V, 335-2 

sheet, II, IS7-I 
Cold-rolling, rolls for, V, 280-4 
Cold-saw cutting-off machine, U, 299-j 

crankshaft, II, 293-2 

designating size, IV, 284-4 

duplex, n, 293-2 

horsepower, IV, 452-2 

internal t3rpe, II, 292-4 

multiple, n, 293-2 

saws for, II, 293-5 

vertical, II, 293-2 
Cold sawing, speeds and feeds, V, 443-2 
Cold-short iron, VI, 555-5 
Cold shuts in castings, II, 28-2 
Cold swaging, VI, 133-5 

gas engine valves, VI, 136-4 

horizontal machine, VI, 136-5 

machine for wire spokes, VI, 138-2 

machines, development of, VI, 134-2 

machine with semi-automatic woik- 
holder, VI, 137-2 

operations, VI, 135-2 

pneumatic work-holder, VI, 137-1 

rotary machine, VI, X34-4 

rotaiy machine, principle, VI, 133-4 
Cold test of oil, IV, 249-5 
Cold tiiming, VI, 290-5 
Cold-trimmed forgings, II, 486-1 
Cold-trimming dies, II, 496-5; 498-2 
Cold-twisting, II, 147-4 
Coleco metal, II, 160-j 



Coleman-Archbutt viscometer, IV, 248-5 
Collapsible tubes, extrusion of. III, 85-4 
Collapsing pressures of cylinders, II, 302-4 
Collapsing taps, VI, 222-2 
Collar bearings, I, 305-4 

thrust, I, 312-4 
Collar-head screws, V, 325-2 
Collars, adjusting or damp, for spring-screw 

dies, II, 1 2 1-4 
Collars, lubrication of, I, 291-j 
Collector rings, overheating, A. C. gener- 
ators, m, 5-2 
Collet chucks, II, 110-5; XX2-4 

drill, quick-change, II, 431-4 

drill, sliding-sleeve, II, 432-2 
Collet, tapping, U, 432-1 
Coloring composition, white, V, 125-5 
Coloring, in buffing, V, X25-2 
Coloring metals, n, 160-j 

aluminum, n, 168-2 

black, by carbonia finish, lU, 136-2 

brass, n, 164-2 

by casehardening, II, 15-2 

by casehardening, qyanide of potassium 
for, n, 295-j 

copper, U, 164-J 

dectroplating for colors, n, 168-5 

"heat-black" finish, H, 167-j 

iron and steel, n, 160-2 

mottling, n, x68-j 

mottling by heat-treatment, II, 162-5 

niter process, IV, 498-j 

non-ferrous metals, II, 163-5 

oxidizing, n, 167-4 

silvering, II, 165-2 
Color method of tempering, m, 517-2 
Colors and corresponding tempering tem- 
peratures, II, 163-/; III, 517-4 
Colors, for judging tonperature value of, 

V, 219-4 
Colors, pipe, V, 35-2 
Colt's armory, foundation of, IV, 282-4 
Columbium, II, 168-4 
Column-and-knee milling machine, IV, 

391-/ 
designating size, IV, 284-4 
gear-boxes, V, 423-5 
Columns, II, x68-4 
brackets for supporting motors on, IV, 

AS7-3 

for hydraulic presses, IV, 43-2 

pipe, II, 169-4 

plating with tin. III, 45-2 
Column shaper, V, 343-2 
Combination chucks, n, 110-5; 11 2-5 
Combination counterbores, I, 167-2 
Combination die for deep drawing, II, 414-1 
Combination former for profiling, V, 174-5 
Combination friction disk planer feed, V, 

96-4 
Combination grinding wheels, III, 475-J 
Combination plain and rigid steadyrest for 

grinding, V, 548-4 
Combination planer, V, X04-5 

combination square, V, 520-4 

designating size, IV, 287-1 

for setting surface giige, IV, 191-4 
Combined carbon, II, 32-4 
Combustion, II, 169-4 

air required for, II, X70-5 

definition, II, 98-1 

flameless, VI, 126-r 

mixing devices for complete, 11, 17 1-5 

rate of, in boilers, I, 423-4 

smokdess, II, 170-4 

spontaneous, V, 479-5 

surface, VI, 126-j 
Combustion chambers, for boilers, I, 408-5 

for oil fuel, III, 231-4 

tube sheets, I, 444-r 
Combustion engines, 11, 370-j; m, 282-5 
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Combustion engines, Diead, 11, 370-j 

flywheels for. III, 160-3; 169-1 

internal. III, 282-j 

piston rings, V, 79-j 
Omibustion turbine, internal. III, 3x^-5 
Commercial length standards, V, 543-J 
Commercial weight, VI, 464-j 
Committee meter, VI, 467-5 
"Common" wrought iron, VI, 555-^ 

manufacture, VI, 558-2 
Commutating field, D. C. motor, IV, 474-5 
Commutating machines, classification, V, 

S3I-4 
Commutating-pole converter, n, 196- 1 

Commutating pole field, IV, 479-4 
Commutating-pole generators, HE, 404-5 
Commutating poles, 11, 172-1 
D. C. generators, HI, 400-4 
D. C. motors, IV, 479-' 
Commutation, II, 172-x 
Commutation plane, D. C. motor, IV, 477-4 
Commutator, 11,532-2; in,39S-2 
D. C. generators, III, 39S-2; 402-z 
D. C. motor, IV, 475-'; 476-' 
faults of, in generators and motors, m, 

1-4 
insulation, mica for, IV, 63-J 
polyphase, used with induction motor, 

IV, 469-4 
Commutator controllers, II, 189-j 
Commutator motors, IV, 472-4 

operation, IV, 473-4 

pobrphase, IV, 474-' 

power factor, IV, 473-4 

principles, IV, 473-' 

reducing inductance, IV, 473-2 

repulsion, IV, 473-4 

repulsion-induction, IV, 474-' 
Commutator type watt-hour meters. III, 

24-2 
Comparator for testing lead, VI, 254-2 
Comparator, minimeter, IV, 409-4 
Comparison method of solving equations, 

in,68-5 

Compasses, draftsmen's, 11, 402-4 

beam, n, 403-5 

dimensions, II, 403-4 
Compensating dogs or drivers, 11, 395-5 
Compensation for line^drop, HI, 74-1 
Compensators, direct-current, IV, 458-4 

definition, V, 53^-5 
Compensators, for electric lighting, II, 546-4 
Compensators for pumps, V, 189-5 
Compensators, line-drop^ II, 172-j 

voltmeter, V, 533-5 
Compensators, starting, defects in, ni, S-i 
Component, active, energy, or in-phase, 

definition, V, 529-2 
Component of forces. III, 173-J 
Component, quadrature, reactive, or watt- 
less, definition, V, 529-2 
Composite number. III, 94-2 
Composition metal for pipe fittings, V, 41-2; 

42-2 
Composition of alloys, U. S. Navy, I, 67-5 
Composition of forces, HI, 173-J 
Compound air compression, I, 33-2; 45-4 
Compound air compressors, cylinder di- 
mensions, I, 46-2 
Compound dies, II, 356-5; 364-4 

bending, I, 345-1; 349-2 
Compound engines, VI, 24-2; 26-4 

cylinder ratio, VI, 27-1 

efficiency, VI, 59-2 

pressure, cut-off, etc., VI, 5-4 
Compound gearing, in, 38&-r 

epicyclic, HI, 67-7 

for thread cutting, VI, 247-2 
Compound hydropneimiatic riveter, V, 266-2 
Compound indexing, IV, 49-j 

angular, IV, 52-1 



Compounding, steam engines, VI, 26-4 
Compound interest, IV, 71-5 
Compound interferometer, IV, 72-2 
Compound levers, IV, 202-3 
Compound pendulum, V, 2-2; 3-z 
Compound pressure and velocity turbines, 

VI. 41-' 
Curtis, VI, 47-2 

Compound proportion, V, 177-2; 178-2 
Compound pulley drive, V, 183-r 
Compound pmnps, V, 189-x 
Compound ratio, V, 177-3 
Compound rest, for taper turning, VI, 185-4 

for thread cutting, VI, 238-1 
Compounds, n, 97-2 

for casehardening, 11, 5-5 

in chemistry, n, 92-4; 95-5 

insulating, impregnating, IV, 67-4 

insuUting, molded, IV, 61-4; 64-4 

insulating, sealing, IV, 67-4 
Compound steam turbine, VI, 39-4 
Compound stresses, shear due to, VI, 108-4 

theory of, VI, 107-j 
Compound-wound boosters, IV, 458-4 
Compound-wound D. C. generator, HI, 

39»-4 
Compound-wound motor, IV, 442-5 
Compressed air, I, 30-r 

applications of, I, 43-j 

drills, V, 120-3 

ejecting press work with, V, i6i-r 

engines, I, 52-1 

flow of, in pipes, I, 28-5 

for operation of oil switches, VI, 175-2 

for sand-blast, power required, V, 311-J 

hammers, V, 12 1-4 

in deep-hole drilling, 11, 453-' 

in die-casting machines, II, 317-4 

leakage of, I, 42-4 

moisture in, I, 41-j 

receivers for, I, 58-j 

reduced to free air, I, 43-5 

removing oil vapor from, I, 42-2 

storage tanks for, I, 59-2 

tank for starting Diesel engines, n, 376-5 

vek)dty of escapmg, I, 29-j 

water pumping by, V, 21 1-2 
Compressed steel, fluid, VI, 63-1 
Compression, air, I, 30-1 

adiabatic, I, 32-3; 42-1; 42-5 

advantages of multi-stage, I, 45-4 

effect of altitude, I, 45-4 

effect of initial temperature, I, 45-2 

horsepower required, I, 31-2 

intercooling, IV, 69-j 

isothermal, I, 32-3; 42-j; 42-3 

multi-stage or compound, I, 33-2 

removing heat of, I, 33-j 

"wet," I, 33-4 
Compression and bending combined, VI, 

104-4 
Compression and torsion combined, V, 

335-1; VI, 107-5 
Compression chamber multi-gap lightning 

arrester, IV, 209-4 
Compression in Diesel engines, 11, 37 1-' 
Compression in steam engines, VI, 3-4; 

393-2 
Compression of gases, adiabatic, I, 30-1; 
30-2; 31-2 
isothermal, I, 30-j; 30-3; 31-2 
Compression relief of gas engines, in, 285-4 
Compression spring, V, 480-4 
Compression strength, of conunon materials, 
VI, 97-2 
of metals, table, VI, 97-1 
Compression stresses, VI, 97-1; xox-i 
Compression tests, VI, 228-2 
machines for, VI, 228-4 
principle, VI, 224-3 
Compressometer, VI, 228-3 



Compressors, air, I, 31-3 
actual horsepower, I, 44-3 
adiabatic compression, I, 32-3 
aftercoolers, I, 41-4; 42-2 
angle type, I, 37-2 
compound compression, I, 33-2 
computation for design, I, 43-2 
cooling water required, I, 47-r 
cylinders, cleaning, I, 42-2 
cylinddrs, dimensions, I, 46-j 
cylinders, lubrication, IV, 250-4 
drives for, I, 38-2 
duplex, I, 36-4 
effect of altitude, I, 45-4 
effect of deaiance, I, 44-4 
effect of compression on temperature^ I, 

31-4 ' 

efficiency, I, 45-r 

explosions, I, 46-4 

filtering air for, I, 42-3 

for Diesd engines, 11, 376-2 

for oO burners, HI, 527-j 

frictional loss, I, 43-j 

horsepower required, I, 43-3; 44-j; 45-j 

horsepower, theoretical, I, 43-4 

inteicoolers, I, 41-3; IV, 68-2 

isothermal compression, I, 32-3 

lubrication, I, 41-4 

motor drive, IV, 434-1 

multi-stage compression, I, 33-2; 45-4 

plate valves, I, 39-4 

port openings, I, 46-3 

pressure regulators, I, 40-4 

pressures for different services, I, 31-3 

rating, I, 45-x 

receivers for, I, 58-3 

reciprocating, I, 34-2 

removing heat of compression, I, 33-3 

speeds, 1, 45-4 

steam-driven, I, 36-j 

storage tanks for, I, 59-^ 

straight-line, I, 34-3 

testing, I, 47-' 

three stage, I, 37-3 

turbo, I, 389-5 

types, I, 33-4 

valves, I, 38-3 

work diagrams, I, 31-3 
Compressor testing, I, 47-r 

displacement method, I, 47-x 

modified orifice method, I, 49-j 

orifice method, I, 48-2 

Venturi meter method, I, 50-4 
Compulsory working of patents, IV, 530-2 
Concatenation, n, 187-4 
Concave (spherical) boring, V, 449-2 
Concave forming tools, making, m, aoi-x 
Concave nulling cutters, IV, 380-4 

designating size, IV, 286-x 
Concave shaper attachment, V, 351-2 
Concave surfaces, engraving, III, 60-2 

filing, m, 130-4 

grinding wheel for. III, 198-2 
Concave (spherical) turning, V, 444-5 

radius-bar for, V, 447-4 
Concentric circles, IV, 340-x 
Concentric-lay cable, 11, 184-x 
Concentric piston rings, V, 79-3 

dimensbns, V, 82-x 
Concentric springs, V, 499-3 
Concentric strand, II, 184-x 
Concrete, n, 172-2; III, 205-2 

application. III, 206-x 

beams, motors suspended from, IV, 457-x 

broken stone for, III, 205-2 

buildings, costs of, II, 174-x 

buildings, factory, in, 96-4 

carrying capacity, 1, 18-3 

columns, motor supporting brackets for, 

IV, 457-5 
cost of, II, I7S-X 
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Concrete, effect of oil, III, 206-2 
effect of weather conditions, III, 206-2 
floors (see also "Coooete floors"), m, 

157-r 
for different kinds of work, n, 172-2 

forms, filling, m, 00^3 
fomidations (see also "Concrete founda- 
tions"), m, 205-2 
heat expansion, HI, 54X-4 
in sea water, II, 173-4 
laid in cold weather, 11, 172-4 
mixing, II, 172-4; HI, 205-3; 206-1 
poles, VI, 318-3 

poles, cost compared with wood, VI, 319-4 
preparing, HE, 205-5 
reinforced, II, 174-^ 
reinforced, systems of, n, 174-4 
resistance to adds and oils, II, i73-4 
"slushed," m, 208-4 
specific gravity, V, 400-1 
stacks, power plant, V, 135-4 
strength and durability, II, 173-4; VI, 

97-* 

testing cement for, m, 205-2 

testing strength of, VI, 228-4 

waterproofing, 11, 173-2 

weight per cubic foot, V, 400-1 
Concrete floors. III, 157-' 

breakage on. III, 158-2 

hardening surface, HI, 158-2 

in power plants, V, 130-J 

preventing dust. III, i57-5 

repairs to, in, 158-2 

tarnnixture, HI, 158-j 

waterproof. III, 15&-J 

wear of. III, 157-3 

wood-covered, HI, 158-4 
Concrete foondationa, III, 205-1 

advantages of, III, 205-3 

application of concrete, m, 206-x 

construction, HE, 208-2 

effect of oil, m, 206-2 

effect of weather conditions, m, 206-2 

for diop-hammers, n, 511-r 

for furnaces, m, 234-2 

for planers, V, X07-4 

for power plants, V, 131-1 

foundation pit, III, 206-2 

mixing concrete, III, 205-3; aoS-i" 

mixtures for machine tool. III, 205-^ 

preparing concrete. III, 205-3 

preparing lime mortar, m, 205-2 

reinforcement, m, 206-2 

templets, III, 206-3 

testing cement, ni, 205-2 
Concrete-tar floors, HI, 158-3 
Condensation cylinder, heat lost, VI, 36-2 

superheat to prevent, VI, 122-4 
Condensation, pipe line, V, 56-3 

in steam heating, I, 423-1 

losses, V, 67-3 

superheat to prevent, VI, 123-3 
Condenser, electrical, II, 540-1 

Leyden jar, IV, 203-3 
Condenser li{^tning arrester, IV, 209-1 
Condensers, steam, n, 175-2 

advantages of different types, V, 138-1 

air pmnps for, I, 52-2 

atmospheric, n, 180-4 

barometric, n, 177-2 

cooling towers, II, 180-2 

definition, VI, 28-3 

disadvantages of different types, V, 138-2 

ejector, n, 177-4 

heat loss in, VI, 29-2 

hot-well, n. If ^3 

in power plants, V, 137-4 

installation, II, 179-3 

jet, n, 175-2 

pumps, n, 178-4 

pumps for jet, I, 5519 



Condensers, steam, selection of, II, 179-2 

siphon, n, 177-2 

surface, n, 176-2 

vacuum breakers, n, 180-J 
Condensers, syndironons, n, 181-j 

characteristics, II, 181-3 

definition, V, 531-4 

losses, n, 183-1 

power factor correction, n, i8a-2 

regulation, n, 183-3 

regulation of exciters, m, 74-3 

starting, n, 183-3 

switchboard control, VI, 151-3 

used as motors, n, 182-3 
Condensers, zinc smelting, VI, 564-4 
Condensing, effect of, in engines, VI, 28-3 

in steam turbines, VI, 59-4 
Condensing engine, change in valve setting 

for, VI, 399-1 
Condensing plants, advantages of engines 

with, VI, 25-4 
Condensite, n, 183-3; IV, 65-2 
Condensive reactance, U, 540-4 
Conductance, symbol, V, 529-3 
Conduction cl heat in boilers, 1, 419-3 
Conductivity, n, 183-4 

of copper, standardization rules, V, 538-2 

of wire, VI, 510-2 

symbol, V, 529-3 
Conductors, n, 183-4 

carrsring capacity, n, 184-2 

corona, VI, 316-2 

definition, n, 527-3 

electrical transmission, VI, 3x0-4 

energy loss, VI, 312-2 

energy loss, aze for known, VI, 314-4 

for motor application, VI, 533-* 

for three-phase transmission, VI, 313-4 

heating of, 11, 534-3; VI, 316-2 

Kelvin's law for, IV, 144-2 

lightning, for ddmn^s, II, 103-3 

sags of, VI, 321-4 

size of, VI, 31 2- J 

rize of, standardization rules, V, 538-1 

stranded, 11, 184-J 

voltage, VI, 3 1 2-1 

voltage drop, VI, 312-4 

wire, VI, 510-2 
Conduit motor wiring, VI, 535-' 

bushings for, table, VI, 538-1 

fittings, VI, 535-4 

for motor-driven machines, tables, VI, 

533-3; 534-2 

lock-nuts, table, VI, 538-2 

motors arranged for, VI, 537--^ 

supporting, VI, 536-4 
Conduits, pipe, V, 36-2 

in forge shops, III, 184-3 
Cone, IV, 343-3 

center of gravity, HI, 430-4 

frustum, IV, 343-3 

frustum, center of gravity, m, 430-4 

frusttun, developing, V, 359-3 

frustum, moment of inertia, IV, 58-3 

iutersections, V, 357-4 

mensuration, IV, 343-3 

moment of inertia, IV, 5&-3 

relation of volume to other solids, IV, 

345-3 

scalene, development, V, 359-3 

surface development, V, 357-4 
Cone and back-gear drive, IV, 270-4 
Cone arbors, I, 11 1-3 
Con-eccentric relief, tap, VI, 206-4 
Cone dutches, 11, 134-4 

formulas for, n, 134-2 

multiple, n, 133-4; 142-X 

multiple disk, n, 142-2 
Cone coupling, II, 229-4 
Cone distance, spiral bevel gear, V, 476-^ 
Cone drive, IV, 270-4 



Cone fans, III, 102-3 

Cone gears, variable-speed, VI, 431-2 

with idle gears disengaged, VI, 434-j 

with tumbler, VI, 432-2 
Cone mandrels, blacksmiths', I, 375-j 
Cone-pinions, in lathe, IV, 173-2 
Cone-pulleys, U, 184-2 

design, n, 184-2 

deagn, table for, IV, 272-3 

length of belt on, n, 185-2 

steps for machine took, IV, 271-3 

when patented, VI, 419-4 
Cones, fusible, for heat measurements^ V, 
218-2 

Seger, V, 218-2; 218-3 

Sentinel, V, 218-2 
Conical holes, lapping, IV, i6i-r 
Conical method of sphere development, 

V, 360.4 

Conical pendulum, V, 3-2 
Conical-point set-screws, V, 326-3 
Conical pulleys, variable speed, VI, 420-2 
adjustable on shaft, VI, 422-4 
belted, with compensating band, VI, 425-3 
belted, with double intermediate pulley, 

VI, 425-4 

hollow cone, VI, 424-2 

opposed cones with friction wheels, VI, 

423-1 
parallel cones, VI, 424-4 
straight and curved, VI, 422-4 
with band contact, VI, 422-1 
with cylindrical friction wheel, VI, 421-4 
with double-cone friction wheel, VI, 

421-3 
Conical scroll chuck, n, 11 1-4 

Conical spring, V, 493-1 

formulas, V, 498-4 

winding, V, 483-4 
Conical surfaces, engraving. III, 60-1 

turning in boring mill, I, 472-3; VI, 
189-2 
Connected load, definition, V, 530-3 
Connecticut machine industry, IV, 270-3 
Connecting-rods, broaching, I, 515-r 

drop forging, n, 494-3 

factor of safety, VI, 98-r 

locomotive, IV, 233-4; VI, 17-r 

steam engine, VI, 15-4 

steam engine, proportioning, VI, 35-2 
Connections, pipe, V, 27-1 
Connections, transformer, VI, 308-4 
Connection studs for drcuit-breakera, H, 

118-J 
Conservation of energy, m, 58-1 
Constantan, n, 185-2 

in thermo-couples, V, 221-2 
Constant-angle drills, n, 465-4 
Constant-current transformer, VI, 310-4 
Constant-speed motors, V, 532-2 

for lathes, V, 407-2 

for milling machine, V, 424-3 

for planer, V. loi-i 

for shaper, V, 349-' 
Constant-speed pulley drive, shaper, V, 

420-4 
Consumption of steam, steam engines, VI, 

27-3 
Contact goniometer. III, 419-3 
Contact-maker in gas engine. III, 289-4 
Contact-nuts for circuit-breakers, n, 11&-4 
Contactors, II, 185-3 
Contacts of oil switches, VI, 169-4 
Contact standards, V, 544-r 
Contact voltage regulators, definition, V, 

533-2 
Continuous current, 11, 536-2 

generators, II, 532-2 
Continuous milling, IV, 404-2 

circular, machine for, IV, 39&-14 

fixture for, IV, 140-2 
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CoQtmuous motion heading machines, m, 

188-2 
Continuous rating of electrical machines, 

V, S34-I 
Continuous rolling, pipe, VI, 336-1 
Continuous rope transmission, V, 393-2 
Contracting band clutch, n, 142-^ 
Contracting chill, U, 99-j 
Contraction in piping, V, 57-4 

allowing for, V, 74-r 

estimating, V, 72-2 

in steam-turbine exhaust, V, 78-4 

strains due to, V, 71-5 
Contraction pyrometer, V, 219-3 
Contributory infringement patent, IV, 527-2 
Control, field, of motors, IV, 444-2 

for crane motors, IV, 436-1 

for different types of motors, n, 190-j 

for fans. III, 108-4 

for lifting magnets, IV, 206-5 

induction motors, IV, 469-1 
Controllers, electric, n, 185-5 

automatic, II, 190-1 

Blades, n, 186-5 

capacity, n, 188-2 

commutator, II, 189-1 

drum, II, i8>8-4 

faceplate, n, 188-5 

for different classes of motors, 11, 190-5 

for machine tool motors, IV, 449-2 

for motor-driven machines, VI, 538-5 

hand-operated, n, 188-5 

history of development, II, 185-4 

liquid rheostats, 11, 189-2; 189-5 

magnet-operated, II, 189-4 

power-operated, 11, 189-5 

Shepardson% II, 186-5 

switch, n, 189-2 

troubles, induction motor, m, 8-2 
Control relays, D. C, V, 250-4 
Control switches, VI, 161-2 

remote, VI, 160-4 
Convection of heat in boilers, I, 419-5 
Conventional efficiency, V, 534-2 
Conventional management, IV, 310-4; 

3x3-5 
Converse lock- joint, V, 49-4 
Conversion table, metric and English, VI, 

465-5 
Converted steel, IV, 82-2 
Converter process (copper), 11, 205-4 
CoiiTertars, in metidliirsy, I, 350-5; n, 

205-4 
Anaconda, II, 206-1 

Bessemer, I, 350-5 

Bessemer, air pressure for, I, 384-4 

Bessemer, controlling temperatures, I, 

351-1 

Bisbee, 11, 206-/ 

copper, n, 205-4 

copper, air pressure for, I, 384-4 

for Tropenas process, I, 35 2-1 

Leghorn, II, 206-7 

steel, firebrick for, m, 139-1 

Stock, VI, 67-4 
Converters, motor, 11, 197-5 
Converters, phase-, V, 11-5 
Conyerten, synchronous (rotary), n, 

X91-J 
booster, II, 194-5 
capacity, II, 195-J 
classification, V, 531-5 
commutating-pole, 11, 196-j 
compound-wound, with reactances, HI, 

12-2 
efficiency, VI, 146-4 
excessive heating, DDE, 11-4 
excessive starting current, HI, 12-5 
excitation, incorrect, lU, 11-4 
frequency, 11, 192-5 
hunting, in, 12-4 



Converters, qynchronous, induction motor 
used with, IV, 469-4 
induction regulator, n, 193-1 
induction starting motor, II, 199-2 
in substations, V, 148-4 
inverted, II, 191-5; 196-2 
losses, V, S3S-3 
operation. III, 11-4 
overload, m, 11-4 
parallel operation, m, 12-5 
phases, 11, 192-2 
power factor, VI, 146-4 
principle of operation, n, 192-j 
rating, II, 196-7 
reactance coils, 11, 193-2 
regulating-pole, II, 194-2 
regulation, poor. III, 12-2 
regulation, rules, V, 537-3" 
short circuit in armature winding, m, 

12-7 
short circuit in field winding, in, 12-7 
shunt-wound, with induction regulators, 

m, 12-2 
shutting down, 11, 198-4 
sparking, IH, 12-2 
speeds, U, 192-5 
starting, II, 197-4 
starting troubles, m, 12-5 
switchboard control, VI, 150-4; 151-3 
three-wire, 11, 197-5 
transformers for, n, 196-5 
voltage, n, 192-4 
Convertible open-side planers, V, 104-2 
Convexity of files. III, 130-7 
Convex milling cutters, IV, 380-4 
designating size, IV, 286-7 
fluting, for taps, VI, 208-5 
Convex shaper attachment, V, ss^-3 
Convex (spherical) turning, V, 444-3 
m vertical turret lathe, V, 450-4 
radius-bar for, V, 448-5 
Convex surfaces, engraving, m, 60-2 

filing, m, 131 -7 
Conveying equipment, coal and ash, air 

pressure for, 1, 385-7 
Conveyors, n, 199-5 
belt, n, 200-5 

belt, for stock-rooms, VI, 76-2 
bucket, n, 199-4 
bucket elevators, II, 202-5 
in steam plant, V, 133-^ 
screw, n, 200-7 
Cooling arrangement for Prony brakes, 11, 

SU'3 
Cooling baths, hammer dies, IV, 516-4 

Cooling cracks in steel castings, VI, 72-5 

Cooling lubricant, for automatic machines, 

1, 156-5 

for grinding, HI, 453-5 
Cooling surface, condensers, 11, 177-7 

intercoolers, IV, 68-4 
Cooling systems, gas and oil engines, m, 

298-J 
Cooling towers for condensers, n, 180-2 
Cooling-water, anti-freezing mixture for, 
m, 299-4 

consumption of, in oil engines, m, 297-4 

for air compressors, I, 47-7 

for Diesel engine, II, 376-4 

for jet condensers, n, 175-4 

for surface grinding, m, 462-2 

for transformers, III, 10-7 
Cooperative engineering educaticm, VI, 

305-/ 

Cooper-Hewitt lamp, IV, 347-2 

Coordinate axes, I, 5-4 

Coordinates, I, 92-7 

Copal, n, 204-7 

Cope, IV, 412-4 
holding down, IV, 414-4 
patterns having loose, IV, 533-2 



Cope, print, IV, 532-7; 541-4 

use of gaggers in, IV, 4x6-7 
Copper, n, 204-2 

alloys (see also "Copper alloys"), 1, 67-4; 
n, 207-7 

alloys, melting points, n, 207-2 

annealing, m, 222-2 

annealing, heating bath for, m, 250-2 

annealing, in metal spinning, V, 460-7 

billet heating furnace, m, 228-5 

blanched, I, 377-7 

blast funoace, n, 205-2 

blast furnaces, air pressure for, I, 384-4 

blister, I, 382-7; n, 204-4 

boiling point, I, 449-7 

boronized, n, 207-5 

brazing, I, 502-2 

burnishing, I, 522-4 

butt welding, power required, VI, 494-4 

castings, boronized, n, 207-5 

castings, composition, I, 72-7 

castings, filling blow-holes, VI, 479-5 

castings, manganese in, IV, 318-2 

castings, weight of, from patterns, IV, 

S50-4 

cement, II, 206-5 

Chinese, II, 103-5 

coefficient of heat radiation, HE, 542-2 

coefficient of heat transmission, m, 542-7 

coloring, n, 164-7 

conductivity, standardization rules, V, 
538-2 

conductors (see also "Copper conduc- 
tors"), VI, 310-4 

converter, n, 205-4 

converter, air pressure for, I, 384-4 

cost of spraying, Schoop process, V, 3x8-5 

die-castings, n, 339- J; 339-i 

die-pressed castings, n, 359-2 

disk grinding, II, 386-7 

drop-f orgings, dies for, II, 494-2 

effect on iron and steel, II, 2x8-4 

electrolytic, U, 206-5 

electrolytic refining (see also "Copper 
refining"), HI, 33-5 

electrolytic refining, Hoepfner process, 

IV, a6-7 

etching, ornamental designs. III, 72-2 

etching reagent, IV, 353-5 

extrusion. III, 89-4 

extrusbn, influence on, HI, 88-4 

flux for soldering, V, 387-4 

flux for wekiing, I, 457-2 

for brazing high-speed steel, IV, 5-5 

for calking pipe joints, V, 47-2 

forces for embossmg dies, lU, 174-5 

for gaskets, HI, 308-7 

for gun-metal, m, 489-2 

general properties, n, 204-5 

hammers, m, 498-4 

hardness, m, 528-7 

heat expansion, HI, 541-5 

hydro-metallurgical method, 11, 206-5 

indicating on drawings, II, 427-4 

in iron ore, IV, 85-5 

in manganese-bronze, IV, 319-5 

lake (Superior), II, 204-5 

li^M, IV, 158-5; 167-5 

lubricant, machining, IV, 253-5 

lubricant, sawing or drilling, IV, 255-2 

malleable, n, 204-5 

Manh^ process, IE, 205-4 

matte, n, 205-7 

matte, nickel, refining, IV, 490-2 

melting furnace for. III, 225-7 

melting point, IV, 335-7 

melting point, calibrating pyrometer fay, 

V, 224-4 
metallurgy, IE, 204-5 
native, n, 204-5 

nuts for circuit-breakers, II, X18-4 
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Copper, oxy-Aoetylene welding, VI, 47S-4 
pipe (see also '*Copper pipe"), V, 22-4; 

27-/ 
platiog (see also "Copper-plating"), m, 

4S-J 
polishing, V, 126-2 

protecting by calorizing, I, 530-1 

protective coating for iron and steel, n, 
2x4-1 

punches for, 11, 350-2 

purchasing for brass foundry, 1, 495-1 

recovering from dipping acids, V, 21-2 

reverberatory furnace for, n, 205-4 

rods, machine for casting, V, 272-4 

salts» explosive compounds with acety- 
lene, V, 480-j 

sash cord, V, 312-r 

saws for, IV, 382-1 

sheets, electrolytic production, m, 37-1 

sheets, Elmoie process, m, 55-4 

shrinkage aUowance, IV, 540-x 

smelting process, II, 204-4 

solder for, V, 386-4; 3^7-4 

soldering, electric, V, 395-2 

soldering flux, V, 391-4 

specifications, I, 67-4 

specific gravity, V, 398-3 

specific heat, V, 401-j 

spinning, speed for, V, 453-4 

strength, II, 204-2; V[, 97-j 

strength at different temperatures, VI, 

98-4 

taps for, VI, 2x0-5 

testing boiler feed water for, I, 400-2 

tubes, electrolytic production. III, 37-1 

tubes, EUnore process, m, 55-4 

turning, V, 437-^ 

uses, n, 206-4 

virgin, II, 204-3 

weight per cubic inch, V, 398-3 

welding, electric, VI, 491-1 

welding to steel, VI, 479-1 

wet method, II, 206-3 

white. III, 412-2 

wire (see also "Copper wire")* VI, 310-4 
Copper ftlloys, I, 67-4; H, 207-r 

Admiralty metal, I, 27-j 

Aich metal, I, 27-3 

Ajax metal and bronze, I, 60-2 

aluminum, I, 70-2; II, 207-2 

aluminum, etching reagent, IV, 354-^ 

aluminum, for spinning tools, V, 457-4 

aluminum, welding, VI, 479-4 

amalgams, I, 91-2 

antimony, I, 297-3 

arsenic, I, 377-' 

bdl metal, I, 318-2 

brass, I, 490-1 

bronze, I, 517-4 

oonstantan, II, 185-2 

delta metal, II, 304-4 

etching reagents, IV, 354--' 

for extrusion, III, 90-1 

German silver, in, 41 2-1 

high conductivity, I, 72-j 

Japanese, IV, 94-2 

lacquering. III, X34-4 

latten, IV, 1S&-3 

manganese-bronze, IV, 320-1 

manganin, IV, 325-r 

Mannheim gold, IV, 326-1 

Muntz metal, IV, 485-2 

nickel, 11, 282-1 

nickel, electrolytic etching, IV, 356-/ 

plastic bronze, V, 1 19-2 

platinoid, V, 11 9-3 

steam metal, VI, 36-3 

steel, I, 76-2 

sterro metal, VI, 74-3 

therlo, VI, 232-5 

tin, I, 70-4; 297-4; S17-4 



Copper aDoys, tin-antimony, I, 70-1 
tin, etching reagent, IV, 354-^ 
tin, for brass foundries, I, 494-2 
tin-lead, I, 71-4 
tin-lead-zinc, I, 71-1 
tin-zinc, I, 70-4 
Tobin bronze, VI, 292-4 
welding, VI, 479-r 
zinc-aluminum, I, 70-3 
zinc (brass), I, 490-1 
zinc, for brass foundry, I, 494-19 
zinc, melting point, I, 503-3 
zinc-tin, strength, VI, 99-j 
Copper alloy steel, I, 76-2 
Copper ammonium chloride, etching re- 
agent, IV, 35S-' 
Copper ball pyrometer, V, 2x9-2 
Copper chloride, etching reagent, IV, 355-2 
Cof^ier-dad sted, n, 214-2 
Copper-dad sted wire, VI, 5x0-5 
Copper condoctors, VI, 310-4; 510-2 
• bars, current-carrying capadty, V, 143-2 
Kelvin's law, IV, 144-2 
sag ot VI, 32X-4 
table, VI, 311-1 
Coppering solution, II, 208-1 
Copper loss, II, 208-j 
A. C. generators, m, 394-1 
D. C. generator, HI, 403-2 
Copper pipe, V, 25-4 
expansion, V, 71-4 
general, V, 22-4 
strength, V, 22-4; 26-2 
strength, dectrolytic, V, 32-4 
table, V, 27-1 
wdght of, V, 22-4 
Copper-plating, m, 45-5 
die-castings. III, 48-5 
electrotyping, III, 49-2 
for local casehardening, 11, 9-1 
metal deposited per ampere-hour, m, 

42-5 
pickling bath, m, 43-2 
ship hulls. III, 45-4 
Copper refining, dectrolytic, m, 33-3 
anode mud. III, 34-4 % 

capadty of refineries, m, 33-3 
cost, m, 37-1 
current used, IH, 35-3 
dectrolyte, HI, 33-5 
Hayden series system. III. 36-2 
impurities, III, 34-r 
multiple and series systems compared, 

in, 36-5 

multiple system, m, 34-4 

plant, description of, HI, 35-4 

■purifying foul solutions, in, 34-4 

series system, in, 34-4; 36-2 

series system, dectrical data. III, 36-2 

sheets. III, 37-4 

tanks in multiple system, EH, 35-4 

tanks, methods of connecting. III, 35-5 

tanks, series ^stem, cleaning, in, 36-5 

tubes, ni, 37-' 

wire, ni, 38-7 
Copper-steel conductors, table, V7, 31 1-5 
Copper sulphate, for la3ring out, IV, 190-2 

for wire drawing, VI. 51 1-2 

life of wood treated by, VI, 318-5 

pole treatment, VI, 317-4 
Copper wire, VI, 310-4 

drawing, VI, 513-3 

drawing, effect of, VI, 514-4 

dectroljrtic production, in, 38-z 

for wire forming, VI, 517-^ 

resistance, table. IV, 300-r 

soldering, V, 388-4 

strength, VI, 97- r 

Copy" for engraving machines, HI, 6x-5 
Copying drawings and blueprints by photog- 
raphy, V, 18-4 
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Cord, bicyde, VI, S30-J 
Cordeaux thread, VI, 274-5 
Cord, electrical, definition, V, 537-4 
Cord of wood, VI, 464-j 

wdght of, V, 401-J 
Cord, sash, V, 3x2-1 
Core-barreb, n, 2x2-4 
Core boards, IV, 549-5 
Core-box and segment mokling method, IV, 

4x8-4 
Core-bozes, n, 208-2; IV, 541 -i 

construction, IV, 543-1 

for green sand cores, II, 3x3-1 

machine for, IV, 535-4 

molds without, IV, 548-j 

skdeton or frame, IV, 54X-2 

stock, IV, 540-4 
"Cored on" projections, in molding, IV, 

534-3 
Core, electrical transformer, VI, 307-2 
Core frames, n, 28-2 
Core loss in electrical machines, II, 208-/; 

V, 53S-4 
Core mold, piston ring, V, 90-1 
Core prints, IV, 541-4 
balancing core by, IV, 542-4 
definition, IV, 53X-4 
stock, IV, 540-4 
varnishing, IV, 550-j 
Cores, for molds, n, 208-2 
bakhig, n, 21X-2 

b ala n ci n g by core print, IV, 542-4 
barring or redding, n, 2x0-2 
binders, n, 209-1 
blackening, n, 2x2-1 
boxes, see "Core-boxes" 
cake, IV, 4x3-2 
core-barrels, n, 2x3-4 
daubing joints, II, 2x0-2 
decomposition of binder in, H, 36-3 
definition, IV, 53X-4 
dry sand, n, 208-5 
floating, n, 28-2 
for aluminum, I, 87-/ 
for brass, n, 209-5 
green sand, n, 2x2-5 
holding down, IV, 4x4-4 
loam, n, 2XX-4 

machines for making, I, 496-2; n, 2x0-4 
making, brief description, m, 2x2-4 
makixig in brass foundries, I, 496-2 
metal, n, 208-2 
oil-sand, n, 309-4 

ovens for drying, H, 2XX-5; m, 229-/ 
pasting, n, 3XO-/ 

prints (see also "Core prints"), IV, 54X-4 
sand, II, 308-5 

sand, for brass foundry, I, 496-5 
sand mixtures, n, 209-2 
stock, IV, 4x3-2 
supporting, n, 27-5 
venting, II, 2x0-4 
Core-type transformer, VI, 306-4 
Corex, I, 5-1 
Cork, II, 2x3-2 
coeffident of friction in brakes, I, 480-3 
for mounting level glass, IV, 200-5 
heat insulating value, III, 542-5 
in dutches, n, X44-5 
powdered, for tumbling purposes, III, 

X36-Z 
specific gravity, V, 399-r 
weight per cubic foot, V, 399-x 
•^Corliss engines, VI, 23-2 
^ clearance, VI, 4-r 
cylinder boring machine, I, 478-2 
jdashpots, VI, 18-2 

• effidency, VI, 59-2 

laps and leads, VI, 402-5 

* pressure, clearance, etc., VI, 5-4 
« steam consumption, I, 433-4 
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n Corliss engioes, Twiai, VI, 13-5 
. valv&^ear, VI, ii^a 

valve setting, VI, 401^ 
Comer-rounding cutters, IV, 380-4 

designating size, IV, 286-1 
Comer welding, VI, 471- J 

electric, VI, 489-3 
Corona, H, 213-2; VI, 316-2 
Corowalt, I, 5-1 

Corporation apprentice schools, I, 108-2 
Corrected addendum, I, 26-4 
Corrosion, n, 213-5 

alloy, resisting, IV, 7^4 

aluminum, I, 84-2 

boikrs, I, 398-J 

dectrolytic, III, 28-j 

electrolytic, amount of, m, 28-4 

iron and steel, effect of various metala 
on, II, 2x8-4 

iron and steel, prevention, see "Corro- 
sion, iron and steel, prevention of" 

manganese-bronze to resist, IV, 3i9'4 

metals, due to electrolysis, m, 28-j 

removing rust, II, 219-2 

steel not subject to, V, 523-4 
Corrosion, iron and steel, prevention of, II, 
213-3 

asphaltum coatings, I, 128-1; U, 217-5 

Barff process, I, 244-r 

bitumastic enamel, I, 37^-5 

calorizing, I, 530-1 

cast-iron pipes, II, 218-1 

Coslettizing, n, 219^ 

deflocculated graphite, II, 304-5 

epicassit, HE, 63-j 

japan coatings, n, 217-4 

Lohmannizing, IV, 243-5 

machined surfaces, 11, 219-1 

metal coatings, II, 213-4 

oxide coatings, II, 213-5 

paints, II, 2x4-2; 2x7-2 

Sabin process, II, 2x8-2 

sherardizing, V, 363-J 

small finished articles, II, 2x8-4 

wet galvanizing, in, 46-5 
Corrugated expansion joint, V, 77-4 
Corrugated face pipe joints, III, 308-4 
Corrugated roU planing attachment, V, 93-2 
Corrugating, roll, steel for tools, 11, 274-2 
Combin, n, 2x9-2 
Corundum, n, 2x9-5 

Brazilian, II, 2x9-5 

Canadian, II, 219-5 

Corabin, II, 219-2 

Georgia, II, 219-5 

hardness, I, 91-1; HE, 527-1 

Indian, II, 219-4 

specific heat, V, 401-5 

wheek, speed for. III, 468-r 
Cosecant of an angle, VI, 325-5 
Cosine, arc, I, X24-4 
Cosine of an angle, VI, 325-5 
Cosines, law of, VI, 327-2 
Coslettizing, n, 2x9-4 
Cosmolubric oil, II, 219-j 
Cost estimating, U, 220-J 

assembling, II, 221-1 

castings, II, 220-2 

jobbing work, II, 222-r; 222-5 

machining, II, 220-5 

patterns, H, 220-2 

shop expense, II, 221-1 

usual methods, U, 221-j 
Cost, of arc welding, VI, 502-j 

of concrete buildings, II, 174-1 

of copper refining. III, 37-r 

of electric welding, VI, 494-2 

of factory buildings. III, 95-4 

of fireproof buildings, III, 95-4 

of operating electric furnaces, m, 252-2; 
253-4 



Cost, of operating gas producers, m, 317-1 

of patents in different countries, IV, 530-4 

of sherardizing, V, 365-5 

of steam turbines, relative, VI, 59-1 

of stock-keeping, VI, 76-4 
Cotangent, arc, I, 124-4 
Cotangent of an angle, VI, 325-5 
Cotter files, III, 11 7-5 
Cotter-pins, II, 222-4; IV, 152-5 
Cotters, IV, 152-2 
Cotton belting, I, 328-4 

for conveyors, II, 200-5 
Cotton cloth, electric insulating, IV, 66-2 
Cotton, electric insulating value, IV, 61-5 
Cotton gin, invention of, IV, 282-2 
Cotton, heat insulating value, m, 542-5 
Cotton polishing wheels, V, 124-2 
Cotton ropes, V, 294-5 

horsepower transmitted, V, 296-1; 296-5 
Cottonseed oil, IV, 244-2 

specific gravity, V, 39^4 
Cotton, silicate of, IV, 409-5 
Cotton, spontaneous combustion, V, 480-1 
Cotton waste, disposal of, m, X43-2 
Coulomb, II, 223-1 

Counterbalance on faceplate, IV, 187-5 
Coiintarbores, n, 223-2 

clearance, n, 223-4 

combination, I, X67-2 

designatmg size, IV, 285-4 

feeds for, I, x68-r 

for general work, 11, 223-5 

for screw-holes, n, 224-2 

grinding, II, 224-2 

holders for, I, x6&-2 

inserted pilot, n, 224-5 

interchangeable body and guide, II, 224-5 

relieving, V, 26X-5 

speeds for, I, i68-r 

straightening, V, 245-2 

tempering, IQ, 5x9-4 

various types, I, 166-4 
Counterboring, II, 439-5 

in automatic screw machines, I, 166-1 
Counter-current type of jet condenser, n, 

176-2 
Counter-electromotive force, II, 225-5 
Countering, stamping dies, V, 525-3 
Counterpoise weights, scales, errors in, VI, 

■462-5 
Counter, revolution, VI, x8o-r 
Countsrshafts, n, 225-4 

aligning, V, 337-^ 

bench lathe, I, 343-^ 

clutch type, II, 226-5 

double, II, 225-4 

friction cone, 11, 22&-J 

geared, 11, 228-2 

planer, V, 99-4; xoo-2 

pneumatic. II, 228-4 

pull-type, n, 226-1 

reversing, n, 227-1 

single-speed, II, 225-4 

speed-accelerating, II, 22^-2 

speeds, arrangement of, IV, 271-2 
Countersink, II, 223-2 

designating size, IV, 285-4 

tempering. III, 519-4 
Countersinking, 11, 439-4 
Coimtersunk bolt, I, 453-4 
Countersunk rivet heads, length for forming, 

V, 269-1 
Counterweights for furnaces. III, 237-5 
Counting material, in stock-keeping, VI, 

75-4 
Counting screw threads, VI, 264-4 
Counting steel balls, I, 240-4 
Couples of forces, III, 174-1 
CouplingB, II, 228-4 

clamp, n, 229-4 

double-cone, II, 229-4 



Couplings, elastic, n, 230-2 

electric wiring, table, VI, 534-2 

flange, II, 229-j 

flexible, II, 230-2 

Hooke's, VI, 375-2 

hose, IV, 32-2 

muff, n, 229-4 

Oldham's, II, 230-j 

permanent, n, 22^4 

pipe, V, 40-4; 43-J 

Sellers', n, 229-4 

steam turbine, II, 230-4 

universal joint, VI, 375-2 
"Coupon" in testing materials, VI, 225-5 
Coventry silent chain, joints for, II, 71-2 
Covering metals, Schoop process, V, 316-2 
Coverings, for cast-iron pullers, V, 180-4 
Coverings, pipe, V, 27-2 
Cowle's process, I, 74-1 
Cowper-Coles process, II, 232-2 
Crabs, crane, design, n, 246-2 
Cracking of wood, IV, 536-5 
Cracking process for oils, IV, 244-4 
Cracks in hardening, III, 5 2 5-1 
Cracks in high-speed sted tools, IV, 5-4 
Cracks in malleable castings, IV, 307-1 
Cracks, in steel castings, VI, 72-5 
Crane chain, II, 248-2 

capacity of. II, 57-4 

care of, U, 57-r 

material for, II, 56-4 

safe loads, n, 60-2 

strength of, II, 57-1 

studded, n, 57-2 

wrought iron, VI, 557-5 
Crane design, II, 232-5 

arrangement of wire rope, VI, 527-5 

foundations, n, 241-4 

gearing (see " Crane gearing")* H, 256-7 

girders (see " Crane girders"), 11, 257-4 

history, II, 255-1 

jib cranes, 11, 234-2 

overhead traveling, n, 242-5 

pillar cranes, n, 239-j 

types of cranes, II, 232-4 
Crane gearing, n, 256-/ 

arms, rim, and hub, II, 257-a 

helical, II, 256-4 

materials, II, 256-1 

shrouded, n, 256-4 

strength, II, 256-2; 257-j 
Crane girdera, n, 257-4 

beam, 11, 259-1 

box, n, 258-4; 259-j 

braced, II, 258-4; 261-5 

fish-bellied, II, 260-5 

for cranes of different capacities, II, 258-2 

latticed, II, 258-4 

Linville, 11, 258-4 

rolled beam, II. 258-2 

sections, II, 263-4 

simplified formula, 11, 265-r 

single web, II, 25S-2; 259-1 

stress diagrams, II, 26X-4 

stresses in struts, II, 264-5 

types, II, 25S-2 

Warren, 11, 258-4 
Crane hooks, IV, 30-2 
Cranelap rolled pipe joint, illustration, V, 

48-1 
Crane motors, 11, 243-4; IV, 434-5 

selection of, IV, 443-5 
Crane rope, II, 247-4; VI, 530-1 

safety requirements, I, 11-4 
Cranes, II, 232-5 

and hoists, prevention of accidents^ I, 

brakes, II, 249-2 

bridge, definition, IE, 233-2 

chain (see "Crane Chain"), n, 34S-2 

clearance for overhead, II, 246-1 
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Cranes, cranks for hand, 11, 233-5 
design (see "Crane design"), II, 234-2 
efficiency of overhead, II, 244-4 
dectrically operated, II, 233-j 
electric, history, II, 255-5 
Fairbaim, definition, II, 233-7 
flying-rope drive, history, II, 255-2 
foundations, II, 241-4 
foundry, definition, II, 232-4 
friction dutch for, n, 136-4 
gantry, definition, II, 233-2 
gantry, power station, V, 133-2 
gearing (see "Crane gearing"), II, 256-1 
girders (see "Crane girders"), II, 257-4 
history, II, 255-2 
hooks, IV, 30-2 

hydraulicsdly operated, n, 233-5 
hydraulic power plant, V, 145-4 
independent, definition, II, 233-4 
jib, n, 232-4; 234-^ 
jib, application, II, 233-5 
k)Comotive, definition, n, 233-r 
locomotive, for power station, V, 133-2 
motor drive, IV, 434-5; 443-5 
motors for, II, 243-4 
operator's cage, I, xi-4 
overhead, application, n, 242-5 
overhead, definition, II, 233-j 
overhead, design, II, 243-5 
overhead, types of, II, 243-1 
pillar, II, 232-4; 239-r 
pillar jib, II, 232-4 
pneumatically operated, IE, 233-5 
portable, II, 233-j 
power for operating, II, 233-2 
pulley dimensions for wire rope, VI, S^7'3 
rectilinear, II, 232-5; 233-j 
rope, II, 247-4; VI, 530-1 
rotary, II, 232-5 
steam, history, II, 255-2 
steam operated. II, 233-5 
steam power plant, V, 131-2 
swing, definition, II, 233-1 
tram, definition, II, 233-2 
traveling, II, 233-1; 242-5 
trolley design, II, 246-2 
types, n, 232-4 
walking, 11, 233-j 
wall, II, 233-4 
Crank-and-flywheel pumps, V, 19&-2 
Crank-arm, engine, proportioning, VI, SS'3 
Crank bearing, lubrication of, III, 300-5 
Crankcase, aluminum alloy for, I, 72-4 
Crank-driven shaper, description, V, 343-5 
Crank-driven slotter, action, V, 3S1-4 
Crank length, for hand-operated cranes, 

II, 233-5 
Crank motion, shaper, V, 35^-5 
Crankinns, allowable pressures, I, 3x0-2 
holes for, boring in locomotive driving 

wheeb, I, 479-2 
holes for, boring in quartering machine, 

V, 226-4 
locomotive, renewing, IV, 229-2 
proportioning, VI, 35--^ 
testing position of, IV, 230-2 
Crank planer, V, 105-2 
Crank, power of man at, 11, 233-2 
Crankshaft cold saw, II, 293-2 
Crankshaft grinding, II, 265-2 
fixture for, II, 265-5 
six-throw, II, 266-4 
wheels for, n, 267-5 
Crankshaft lathe, IV, 170-5; 178-5 
Crank shaper, V, 343-2 
analysis of motion, V, 352-5 
driving mechanism, V, 345-1 
Whitworth motion in, V, 345-5 
Crank slotter, V, 3S1-5 
horsepower, IV, 45 2-1 
Crank tjrpe keyseating machine, IV, 152-^ 



Creeping belts, I, 332-4 
Creosote, coal tar, VI, 3x7-4 
Creofioting process, VI, 318-1 
Crest factor, definition, V, 529-j 
Crest voltmeter, V, 533-2 
Critical points, 11, 268-5; IV, 78-5 

apparatus for determining, m, 522-2 

in loaded beams, VI, 104-4 

theory, HI, 522-r; IV, 78-4 
Critical speed, II, 267-4 
Critical temperatures, II, 268-5; HI, 521-1 

locating by Brinell test. III, 532-4 
Critical voltage, disruptive, 11, 213-5 
Crochet files, III, 120-5 
Crocodile shears, V, 354-5 
Crocus composition, V, 125-5 
Croppers, bolt, designating size, IV, 286-5 
Crosby dip, VI, 530-2 
Cn>s&KX>mpound engines, VI, 24-4 
Cross-ciirrents, A. C. generators, in, 393-4 
Cross-cut files. III, 120-J 
Crossed rope drive, V, 295-5 
Crosses, pipe, American standard, V, 38-5; 

40-r 
Cross feed, automatic, for grinding ma- 
chines, III, 433-5 
Cross-feed stops for engine lathe, IV, 176-2 
Cross files. III. 120-1 
Cross-filing, III, 129-2 
Cross-head guides, locomotive, IV, 233-2 
Cross-heads, engine, VI, 15-5 

laying out, IV, 190-4 

proportioning, VI, 35 3 
Crossing files. III, 120-j 

application. III, 133-4 
Cross-knurling, IV, 155-r 
Cross-over pipe, V, 43-j 
Cross-over tee, definition, V, 44-2 
Cross-peen hammer, III, 498-5 
Cross, pipe, V, 43-4 

Cross pipes for boilers, material, I, 432-5 
Cross-rail head shaper, V, 352-r 
CroM-rail, planer, V, 95-1 

ah'gnment of, V, X08-4 

position of, V, 110-4 

scraping, V, 321-4; 323-^ 

testing alignment, I, i43-<? 
Cross-rail, shaper, V, 343-4 
Cross-sectioning, on drawings, II, 427-5 
Cross-section paper, II, 42 2-1 

compared with logarithmic, IV, 239-4 

isometric, II, 422-2 

logarithmic, II, 422-2 
Cross-shafting for overhead cranes, II, 254-5 
Cross-slide, automatic screw machine, I, 
180-4; 1 85-1 

cams for, I, 546-5 

knurling tools for, IV, X56-2 
Cross-slide, lathe, IV, 17 1-2 

bench lathe, double-tool, I, 342-2 

scraping, V, 321-4 
Cross valve, V, 44-2 
Crotch, pipe fitting, V, 44-2 
Crowbars, steel for, I, 557-4 
Crowfoot cell, I, 250-/; 251-2 
Crown bars for boilers, I, 443-5 
Crown brasses, IV, 23X-4 
Crown gear, I, 353-J^ 

formulas, I, 358-1 

sample calculation, I, 358-4 
Crowning attachment, for pistons, V, 

446-4 
for pulleys, V, 447-2 
for pulleys, boring mUl, V, 45X-2 
for pulleys, taper, VI, 192-2 
Crowning pulleys, 11, 268-4 
attachments for, V, 447-2; VI, 192-2 
by grinding, V, 180-4 
form of crown, V, 181 -r 
height of crown, V, 180-4 
in boring mill, I, 475-2; V, 451-2 



Crown of calender rolls, V, 279-4 
Crudble furnace, n, 271-2 

for brass foundry, I, 492-1 

hardening, in, 225-5 

mdting, III, 225-r 

operating, I, 495-2 
Crudble process, IV, 81-2 

steel foundry, VI, 66-j 
CitidbleB, n, 269-/ 

black-lead, n, 269-2 

care of, II, 270-5 

day. n, 269-1 

for aluminum, I, 86-4 

for brass foundries, I, 493-2 

for brass rolling milb, I, 497-2 

for steel mdting, II, 271-4 

for thermit welding, VI, 503-5 

graphite, II, 269-2 

life of, II, 271-1 

plumbago, II, 269-2 

protective coatings for, II, 271-j 

tongs for handling, II, 269-4 

"white pots," II, 269-1 
Cmdble steel, n, 271-2 

carbon-temper, II, 274-j 

controllhig carbon content in, n, 272^2 

defects, II, 273-4 

for nut forging dies, IV, 500-2 

hammering, II, 273-2 

ingot molds, II, 272-4 

laps in, n, 274-/ 

melting, II, 272-2 

nitrogen in, VI, 291-j 

pipes in, II, 274-r 

pouring, 11, 272-4 

raw materials, II, 272-2 

rolling, II, 273-5 

seams in, II, 273-4 

temper of, II, 274-r 

titanium in, VI, 292-5 

welding process, II, 273-2 
Crucible-steel wire, VI, 520-5 
Crucible-steel wire rope, VI, 520-5 

horsepower transmitted, V, 297-5 
Crude oil, HI, 297-j; V, 10-2 

for Diesel engines, II, 372-4 

for oil engines, III, 296-4 

spedfic gravity, III, 298-1 
Crude petroleum, IV, 244-5 
Crushing coal, V, 133-1 
Crushing strength of rivets, V, 272-1 
Crystalline graphite, IV, 252-2 
Crystallography, II, 98-j; IV, 348-5 
Ciystab, measuring angles of. III, 419-5 
Crystolon, II, 274-2 

wheels, speed. III, 468-j 
Cube, rv, 341-5 

of a number. III, 203-2 

on slide-rule, V, 379-4 
Cube root, II, 274-5 

extracting, II, 274-4 

extracting by logarithms, IV, 242-14 

in algebra, I. 61-2; 65-2 

on slide-rule, V, 380-2 
Cubic equation, III, 67-4; 70-2 
Cubic measures, VI, 464-/ 

metric, VI, 465-2 

metric conversion, VI, 465-j 
Cup center-punch, n, 38-5 
Cupellation, IV, 195-j 
Cupola bridL, in, 141-2 
Cupola furnace, II, 275-4 
Cnpolas, n, 275-4 
air pressure for, 1, 384-4 
air supply, II, 278-4 
brief description, III, 21X-1 
capacity, II, 282-1 
charging, II, 277-2 
charging mixtures, II, 279-2 
coke consumption, II, 281-5 
dimensions, II, 276-4 
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Cupolas, firebrick for, m, 139-^ 

firing, II, 276-4 

for melting ferromanganeae, IV, 321-4 

lining, 11, 281-j 

melting zone, n, 278-4 

tapping, n, 278-2 

Thwaite's, II, 276-j 

tuyeres, II, 281-1 

use of flux, II, 278-r 

Whiting, II, 276-2 
Cupinng die, II, 405-5 
Cupping method, seamless tubes, VI, 333-2 
Cupping process, seamless tubes, VI, 337-2 
Cupping tools, steel for, VI, 301-2 
Cup-point set-screws, V, 3*^5 
Cupric ammonium chloride etching re- 
agent, IV, 354-^ 
Cupric chloride, melting point, III, 251-4 
Cupro-nickel, II, 282-1 
Cuprous chloride, melting point, III, 

251-4 
Cuprous oxide, impiuity in copper refining, 

m, 34-^ 
Cuprous selenide impurity in copper re- 
fining, ni, 34-2 
Cuprous sulphide impurity in copper re- 
fining, m, 34-2 
Cuprous telluride impurity in copper re- 
fining, m, 34-' 
Cup-wheel, m, 47^^ 
designating size, IV, 285-4 
for grinding of cutters, 11, 287-4; IV, 

373-^ 
Curb presses, IV, 35-' 
Curing hides for belting, I, 319-2 
Curling and wiring dies, 11, 282-2 

description, II, 3^9-^ 
Curling operations, press for, V, 154-2 
Current capadty, V, 53x--f 

copper bars, V, 143-2 

wire and cable, V, 143-1 
Current control of dectric arc furnace, 

m, 245-2 , 
Current lag, induction motor, IV, 468-r 
Current-limiting reactances, V, 235-j 
Current-measuring instruments. III, 15-2 
Current ratio, transformer, V, 533-1 
Currents, electric, V, 538-3 

alternating, n, 536-' 

alternating, effective, II, 538-1 

continuous, II, 536-2 

conventions, II, 530-4 

direct, 11, 536-2 

direction and rotation in motors, IV, 

477-J 
eddy-, II, 526-j 
for arc welding, VI, ASl^4 
for copper refining. III, 35-3 
for electric furnaces, III, 250-1 
for electric soldering, V, 395-J 
for electroplating. III, 42-1 
for lifting magnets, IV, 206-2 
for welding, VI, 493-4 
Foucault, II, 526-3 
galvanometer for detecting. III, 282-2 
lagging, n, 537-3 
leading, 11, 540-2 
manifestations of, 11, 528-r 
measuring by chemical effect, m, 15-3 
measuring by magnetic effect, III, 15-3 
measuring by thermal effect, in, 19-1 
oscillating, H, 536-2 
pulsating, n, 536-2 
pulsating, for gold refining, m, 40-2 
rated, of transformer, V, 532-4 
sinusoidal, V, 529-1 
symbol, V, 529-3 
taken by motors, table, VI, 534-1 
units of, II, 532-4 
Current supply for electric ignition systems, 
III, 290-2 



Current-transformer for line-drop com* 

pensation, III, 74-j 
Current water-wheel, VI, 446-3 
Cursor, sb'de-rule, V, 374-x 
Curtis turbine, VI, 47-2; 49-j 
Ciuvature of pump impellers, V, 202-2 
Curve, IV, 336-2 

anti-fnction, I, 102-2 

cam, 1, 537-2 

catenary, II, 35-2 

characteristic, centrifugal pumps, V, 
206-4 

draftsmen's, II, 402-3 

equation plotted as, IV, 239-3 

equations for, I, 93-3 

graphical construction, I, 93-2 

helix, m, 543-3 

hyperbolic, IV, 44-4 

hypocydoid, IV, 45-r 

magnetic, saturation, n, 530-2 

magnetization, 11, 530-2 

sine, II, 536-3 
Curved line, IV, 336-2 
Curved link planing attachment, V, 93-1 
Curve-drawing ammeters, VI, 147-1; 147-4 
Curve-drawing voltmeters, VI, 14 7-1; 147-4 
Curved springs, V, 492-4 

formulas, V, 495-4 
Curved surface, IV, 336-3 

grinding wheel for, m, 198-2 

stamping dies, V, 524-2 
Curve-planing attachment, templet type, 

V, 93-4 
Cushionuxg pump stroke, V, 188-3 
Custer process for casting, II, 20-4 
Cutlery, etching, m, 71-1 

speeds for polishing. III, 487-3 
Cut nails, IV, 486-j 

holding power, IV, 486-3; V, 4S3-' 
Cut-off governors, VI, 19-1 
Cot-oflf in steam engines, VI, 3-3 

early, VI 393-' 

effect of connecting-rod on, VI, 390-4 

late, VI, 393-1 

locomotive, equaliang, VI, 407-3 

setting slide-valve for equal, VI, 391-^ 

table, VI, 5-4 
Cut-off, of drop-forging die, 11, 491-2 
Cut-off saws, horsepower, IV, 452-2 
Cut-off tools, see also "Cutting-off tools" 
Cut-off tools, automatic screw machine, I, 

150-4 

feed, I, 156-3 

for various materials, 1, 154-4 

holding, I, 15 1-4 

side dearance, I, 155-3 

thickness of blade, I, 155-J 
Cut-off tools for cold-heading, 11, 155-4 
Cut-off valve, setting automatic, VI, 394-4 

setting, riding type, VI, 395-^^ 
Cut-out nozzles, steam turbine, VI, 49-2 
Cutter arbors, I, 123-2 

with outboard support, I, 123-4 
Cutter grinding, II, 285-2 

angular cutters, II, 287-4 

dearance angles, II, 287-3 

cylindrical cutters, II, 285-3 

Old-mills, n, 289-2 

formed cutters, H, 288-r 

gear-cutters, n, 288-4 

machine for, 11, 285-2 

position of tooUi-rest, 11, 287-2 

re-fluting worn cutters, II, 290-1 

side-mills, II, 289-3 

wheels used, II, 286-3 
Cutter grinding machine, II, 285-2 

designating size, IV, 285-2 
Cutter heads, boring bars with traversing, 

I, 465-4 
Cutter heads, boring machine, I, 460-2 
Cutter heads, deep-hole drilling, II, 450-1 



Cutters, boring bar, I, 461-2; 466-j 
interchangeable, I, 461-r 

Cutters, cherrying, IV, 399-4 

Cutters, fluo-hole, designating size, IV, 286-1 

Cutters, fly. III, 160-j 
tempering, m, 519-4 

Cutters for engraving, m, 6x-2 

Cutters, hub, for die-sinking, n, 487-4 

Cutters, miOing, IV, 367-2 
<ui8ular, IV, 379-' 
demagnetizmg, IV, 301-J 
designating size, IV, 286-1 
diagram of feed of, II, 306-3 
end milling, IV, 378-2 
fluting, for reamers, V, 241-j; 243-2 
fluting, for rose reamers, II, Z09-2 
fluting, for spring screw dies, II, 377-3 
fluting, for taps, VI, 208-1; 209-3 
fluting, for twist drills, U, 468-1 
fluting, improved type, VI, 209-2 
for bevel gears, m, 326-4 
for cutting hacksaws, m, 491-4 
for die-sinking, II, 487-3 
for hard rubber, V, 300-2 
formed, IV, 380-3 
formed, for bevd gears, I, 359-4 
formed, inserted blade, IV, 385-3 
for silent chain wheels, II, 71-3 
for spiral bevd gears, I, 369-1; V, 475-2 
for spiral flutes, IV, 407-4 
for spiral gears, III, 335-^; V, 467-4 
for spiral gears, demonstration of formula, 

V, 469-3 
for spur gears, III, 322-2 
for stub gear teeth, VI, X12-4 

gang, IV, 377-3 

gear, m, 320-4 

gear, forming tools for. III, 319-2 

high-speed steel, IV, 386-3 

high-speed steel, hardening, IV, 3-2 

hollow mills, IV, 30- 1 

inserted blade, IV, 382-j 

interlocked, IV, 375-3 

left-hand, IV, 402-4 

lubrication, IV, 385-2 

metal slitting, IV, 381-3 

nicked, IV, 370-1; 385-2 

percentage of carbon in, I, 557-3 

plam, IV, 368-3 

profile, tempering, m, 5x9-4 

re-fluting by grinding, II, 290-1 

relieving, V, 261-2 

rdieving attachments for, V, 258-4 

right-hand, IV, 402-4 

rotation relative to feeding movement, 

IV, 402-3 
saws for copper, IV, 382-j 
setting central for spur gear milling. III, 

322-3 
setting for bevd gears, m, 326-4 
setting to depth for spur gear milling, m, 

323-r 

side milling, IV, 374-3 

steel for, n, 274-r; IV, 386-1; VI, 301-2 

stocking, in, 321-4 

teeth, IV, 369-1 

teeth, helical, IV, 369-4 

teeth, inserted, sted for, n, 274-2 

tempering. III, 519-4 

thread milling, VI, 258-r 

T-slot, IV, 381-2 

types, IV, 367-2 
Cutters, pipe, designating size, IV, 286-3 

percentage of carbon in, I, 557-4 

tempering, IIL 519-4 
Cutters, shear, angle of, V, 355-4 
Cutters, stdlite, tool-holders for, VI, 74-x 
Cutters, tool-holder, VI, 298-1 

clamping, VI, 298-2 
Cutting-angle, box-tool cutters, I, 160-4 
Cutting belt, planer, V, 109-1 
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Cutting dies, n, 363-^ 
Cutting disks, steel for, 11, 274-^ 
Cutting edge of tools, VI, 293-5; 294-j 
Cutting lubricants, IV, 253-1 
application to turning tool, IV, 255-2 
boring bar with provisbn for, I, 460-1 
distribution, IV, 255-4 
Cutting metals, power required for, IV, 

408-4 
Cutting metals with gas flame, VI, 481-2 

under water, VI, 482-j 
Cutting-off attachment, pipe threading 

machines, V, 55-5 
Cutting-o£f high-speed steel, IV, 5-4 
Cuttiiig-off mmchinee, n, 290-j 

abrasive wheel type, IE, 294-1 

automatic, n, 291-4 

band saws, II, 294-2 

cold-saw, n, 292-1 

cold-saw, crankshaft, 11, 293-2 

cold-saw, duplex, n, 293-2 

cold-saw, internal, n, 292-4 

cold-saw, multiple, II, 293-2 

cold-saw, speeds and feeds, V, 443-<> 

cold-saw, vertical, n, 293-2 

designating size, IV, 285-2 

friction saw, II, 294-j 

lathe t3rpe, II, 290-4 

operating speed of saws, 11, 294-7 

pipe, horsepower, IV, 452-1 

rotary, II, 291 -/ 

saws for, II, 293-j 

semi-automatic, II, 291-5 
Cnttiiig-oif tools, designating size, IV, 

285-5 

for piston rings, V, 90-5 

for wood, VI, 540-4 

lathe, IV, 181-1 

screw machine, I, 150-4 

tempering. III, 519-4 

tool- holders for, VI, 300-5 

turret lathe, VI, 367-5 
Cutting rubber, band saw for, V, 300-/ 
Ctttting speeds, V, 433-i^ 

carbon and high-speed steek compared, 

V, 436-4 

cold sawing, V, 443-'' 

different grades of steel, IV, 493-J 

drilling, V, 438-2 

durability of tool, V, 435-2 

effect of lubrication, V, 435--^ 

factors limiting, V, 434-4 

gear cutting, V, 441-2 

gear cutting, tables, V, 442 

high-speed steel drills, V, 441-1 

machining aluminum, I, 87-2; 87-5 

milling, V, 437-4 

planing, V, 100-2; 437-2 

turning, V, 433-2 

turning unusual materials, V, 437-/ 

with and without water, V, 436-4 

woodworking machinery, V, 444-r 
Cutting steel with friction disks. III, 216-2 
Cutting threads, VI, 234-5 

thread chasing dial, VI, 233-2 

with friction disk. III, 2x6-4 
Cutting tools, designating size, IV, 285-5 

hardness tests, m, 530-1 

lubrication systems, IV, 256-1 

pressure on lip surface, IV, 276-2 

wear of, V, 435-4 
Cutting torch, gas-flame, VI, 481-5 

operation of, VI, 482-2 
Cyanide, II, 294-4 
Cyanide of potassium, II, 294-4 

bath for dip polishing, V, 127-j 

for casehardening, 11, 5-2 

for casehardening, process, 11, 12-5 

heating bath, III, 513-5 
Cycle, electrical, V, 528-4 

alternating-current, II, 536-5 



Cycle Engineers thread, VI, 277-5 

Cyde, in combostioii eng^es, m, 283-j 

Diesel, III, 284-5 

Diesel, four-stroke, n, 371-J 

Diesel, two-stroke, n, 371-2 

Otto, m, 283-2 

Otto, in Diesel engines, II, 371-I 
Cycloid, IV, 341-2 
Cydoidal gear teeth, V, 518-/ 

cutters for. III, 320-4 

for bevel gears, I, 359-^ 

odontognq>h for, HI, 427-2 
Cydcudal rotaxy pump, V, 200^2 
Cyclone separator. III, 77-7 
Cylinder boring machines, I, 478-1 

Corliss, I, 478-2 

feed mechuiism, V, 429-4 

horizontal, I, 478-7 

horsepower, IV, 451-5 

vertical, I, 476-7 
Cylinder cams, I, 531-2 
Cylinder ccMidensation, heat lost, VI, 26-2 

superheat to prevent, VI, 122-4 
Cylinder grindiiig, 11, 295-2 

abrasive and bond of wheels, II, 297-r 

advantages, 11, 295-4 

allowance, II, 298-2 

annealing of work, n, 298-5 

causes of inaccurate woric, 11, 299-j 

grain and grade of wheels, II, 296-4 

machines, II, 295-4 

operation of machine, 11, 297-2 

re-grinding worn work, II, 299-2 

temperature of woric, 11, 298-4 

wet and dry, II, 299-7 

wheel selection, 11, 296-5 

wheel truing, II, 298-5 
Cylinder grinding machines, II, 295-4 

operating, II, 297-2 
Cylinder heads, engine, VI, 34-4 

bolts, VI, 34-4 

castings for, molding, IV, 419-2 
Cylinder lubrication, air compressor, I, 
41-4; IV, 250-4 

impermeator, IV, 46-2 

locomotive, IV, 250-2 
Cylinder oil, flash point, IV, 248-4 

parafiSn in, IV, 250-7 

selecting, IV, 250-7 

testing, IV, 247-7 

viscosity, IV, 248-7 
Cylinder packing, hydraulic jack, IV, 93-7 
Cylinders, IV, 34^-4 

allowable fiber stresses, II, 302-/ 

allowable pressures, II, 3<io-2; 302-7 

annealing before finishing, II, 298-5 

Barlow's formula for strength of, I, 248-5 

boring, I, 478-5 

bursting pressure, 11, 302-4 

cast iron for, II, 280-5 

center of gravity, in, 430-2 ' 

compressor, cleaning, I, 42-2 

compressor, dimenaons, I, 46-7 

compressor, lubrication, 1, 41-4; IV, 250-4 

design, formulas for, IV, 40-4 

design for strength, II, 300-2 

development, V, 357-2 

drawn seamless, strength, II, 301-7 

gas engine. III, 285-2 

gas engine, lubrication, IV, 246-5 

gasoline engine, flash point of oil, IV, 
249-2 

grinding, 11, 295-2 

grinding or reaming, comparison, II, 
295-2 

hollow, mensuration, IV, 343-2 

hollow, moment of inertia, IV, 58-2 

hydraulic accumulaton, I, 17-7 

hydraulic, design, IV, 38-4 

hydraulic jack, IV, 92-4 

hydraulic riveter, V, 266-5 



Cylinders, intersection, V, 357-2 
locomotive, aligning with frames, 1, 147^4 
locomotive, boring, IV, 225-7 
locomotive, lubrication, IV, 250-2 
locomotive, re-lining, IV, 225-2 
magnalium, IV, 288-5 
materials for, II, 299-5 
molding, IV, 419-4 
moment of inertia, IV, 58-2 
portion of, center of gravity, m, 430-5 
portion of, mensuration, IV, 343-7 
pump, V, 191-2 

pump, arrangement of piping, V, 190-5 
pump, linings, V, 192-5 
pump, relation of steam and water, V, 

194-J 
pump, size of, V, 194-7 

ratios, blowing engines, I, 391-5 

ratios, compound engines, VI, 27-7 

re-grinding worn, n, 299-2 

relation of volume to other solids, IV, 

34S-J 

shrinkage allowance, IV, 540-7 

steam engine, description, VI, 2-2 

steam engine, lubrication, IV, 246-2 

steam engine, proportioning, VI, 34-2 

stopping off, in molding, IV, 548-4 

strength of, n, 299-2 

strength of, Lam6's formula, n, 301-2 

subjected to external pressure, n, 302-4 

thickness of wall, VI, 34-4 

vanadium cast-iron, VI, 416-2 

volume in United States gallon, VI, 464-4 

weight of riveted joints in, V, 272-2 

welded, strength, II, 301-7 
Cylinder saddle, locomotive, leaning fixture, 

IV, 138-4 
Cj^drioil grinding, m, 445-4 

allowances. III, 449-2 

classification, in, 446-2 

dose to a shoulder, III, 453-7 

cooling lubricant, m, 453-5 

depth of cut. III, 449-7 

fixed-whed, m, 446-5 

form, m, 447-2; 4S4-4 

form, feeding mechanism, m, 456-5 

from the rough. III, 449-5 

holding work. III, 462-5 

lubricants, IV, 254-2 

machines for (see also "Cylindrical 
grinding machine"), in, 432-4 

multiple diameter grinding, in, 455-2 

prq)aration of work, in, 449-4 

preventing chatter, ni, 451-7 

roll grinding, V, 278-2 

roughing and finishing cuts, in, 448-5 

speeds. III, 468-7; 468-5 

speeds, relative, of whcd and work, in, 
468-2 

step-in, m, 447-7 

taper grinding, ni, 451-5 

traverse, in, 446-2 

truing grinding machine centers, ni, 

452-5 
universal head, use of, ni, 452-7 
wheels for, ni, 469-7; 485-5 
whed speeds, ni, 468-7 
width of whed face, m, 450-2 
with side of whed, in, 452-4 
work speeds, HI, 469-7 
Cylindrical grinding machines, m, 432-4 
automatic cross feed, III, 433-5 
automatic feed, setting. III, 434-2 
automatic sizing attachment. III, 437-2 
cone-pulley type, III, 436-7 
constructional features. III, 432-4 
definition, in, 432-2 
designating size, IV, 285-7 
headstock, V, 432-2 
hydraulically-operated, III, 444-2 
large size. III, 435-5 



CYLINDRICAL GRINDING MACHINES — DIAMOND 



39 



Qylmdrical grinding marhiniw, methods of 
driving, in. 43S-4 
plain, III, 435-a 
single-piilley type, m, 436-2 
tnversing-whed type. III, 436-4 
univenai. III, 43S-2 

Cylindrical holes, grindmg, m, 458-/ 

Cylindrical lapping, IV, 160-1 

Cylindrical parts holding, for planing, V, 
u8-i 

Cylindrical suiiaces, engraving, lU, 60-r 

Cylindrical turning, IV, 181 -4 
aligning lathe centers, IV, 183-4 
broad tool for finishing cuts, IV, 184-4 
chucks, application, IV, 184-2 
drivers or dogs, application, IV, 184-2 
facing ends square, IV, 182-j 
position of tools, IV, 183-2 
radial facing, IV, 184-j 
roughing and finishing cuts, IV, 183-1 
turning tools, IV, 180-j; 182-j 

Cylindrical work, perforating, V, 4-2 

Cypress, as fuel, III, 219-2 
poles, life of, VI, 317-2 
poles, transmission line, VI, 316-4 
specific gravity, V, 399-J 
weight per cubic foot, V, 399-1 
weight per foot, V, 401-2 

Dado jomt, IV, 543-2 ' 

Dalton's law, n, 96-4 

Damascus steel, n, 303-5 

Dampers for furnaces, III, 237-J 

Damping electric instruments, in, 14-2 

Dams, life of, U, 305-5 

Danger signs, I, ii-i 

Daniell cell, I, 250-4; n, 303-4 

Darby process for recarburizing iron, I, 

352-r 
Darcet's fusible metal, m, 268-2 
Darcy's formula, n, 303-4 
Dark-room, shop photography, V, 17-x 
D'Arsonval galvanometer, III, 16-5 
Daah-and-dot lines on drawings, n, 424-2 
Dashpots, Corliss engine, VI, 18-2 

Vilter, VI, 18-5 
Day-rate wage system, VI, 441-2 
De-acceleration, I, 7-1 
"Dead-beat" electric instruments, m, 14-2 
Dead center, engine, VI, 388-1 

locating, VI, 390-2 

locating, locomotive valve setting, VI, 

405-4 
Dead center, lathe, IV, 169-4 

Dead load, VI, 96-1 

Dead-smooth files, in, 120-4 

Dead stops in machine tools, V, 84-4; 86-1 

Decagram, VI, 465-2 

Decalescence point, n, 268-j 

definition, IV, 78-j 

in relation to hardening, in, 521-2 
Decentralization in shop management, V, 

17^2 
Dedgram, VI, 465-2 
Deciliter, VI, 465-2 

Decimal fractions, square roots of, V, 520-2 
Dedmal gage, standard sheet, V, 356-2 
Decimal gage, wire, VI, 508-5 
Decimals, on slide-rule, division, V, 378-2 

multipUcation, V, 376-j 
Decimeter, VI, 465-1 
Decking, belt conveyor, n, 202-2 
Decks, valve, definition, V, 192-5 
Decorative coatings, Schoop process, V, 

318-4 
Dedendum, n, 304-2 

bevel gear, I, 353-2 

spiral bevel gear, V, 476-4 

spur gear, V, 502-j 
Dedendum angle, bevel gear, I, 353-5 



Deep-hole drilling, n, 446-4 

attachment for, n, 450-5 

compressed air in, n, 453-1 

drills, construction, II, 451-2 

drills, measuring, U, 454-4 

flat drill for, n, 447-5 

gun barrel, n, 453-x 

in automatic screw machine, 1, 164-4 

in gun construction, II, 453-2 

inserted-blade cutter for, n, 450-1 

lubricant, IV, 253-5; 254-/ 

methods, n, 446-4 

rifle barrel, n, 452-r 

twist drill for, n, 448-2 

''wood reamers" for, n, 454-2 
Deflection in beams, I, 270-2; 272 
Deflection of shafting, linear, V, 334-r 

torsional, V, 332-4 
Deflection tests, VI, 229-1 
Deflectometer, VI, 229-j 
Deflocculated graphite, n, 304-2; IV, 252-4 
Degrees, n, 304-5 

angular measurement, IV, 336-4 

at equator, equivalents, VI, 463-4 

Baum6 converted mto specific gravity, 
V, 400-5 

electrical, V, 528-4 

m a radian, V, 231-1 

magnetic, V, 530-4 

mechanical, V, 530-4 
DeLaval steam turbine, VI, 41-4 

multi-stage, VI, 45-4 
Deliveiy coefficient, centrifugal pumps, V, 

207-1 
Delivery pipe, pump, size of, V, 194-4 

waste or starting, V, 191-/ 
Delta connections, n, 543-J 

induction motor, IV, 464-5 

transformers, VI, 309-4 
Delta metal, II, 304-4 

influence of extrusion on, m, 88-4 

stenx) metal, VI, 74-5 
Demagnetizer, n, 304-4 
Demagnetizmg milling cutters, IV, 301-1 
Demand factor, V, 530-5 
Demand indicator, m, 26-2 

Wright, m, 26-5 
Demand meter, V^ 533-5 
Demy-size drawing paper, n, 421-j 
Denmark, life and cost of patents, IV, 530-5 
Densitameter, V, 399-2 
Density, n, 305-1 

electrostatic flux, ssrmbol, V, 5^9-5 

magnetic flux, symbol, V, 529-5 

of liquids, V, 398-2 
Deoxidized bronze, I, 5x8-4 
Depolarizers, n, 535-5 

in batteries, I, 249-2 
Depreciation, I, 104-5; H, 305-2 
Depth gages, III, 274-2 
Depth of cut, turning, V, 434-r 
Derihon hardness testing machine, m, 

S34-4 
Describing-generating principle of cutting 

gear teeth, m, 333-r 
Designs, ornamental, engraving machines 

for, m. 58-4 
Desilverization of pig lead, IV, 195-x 
Detachable link-belt, n, 62-2 

q)rockets for, II, 75-4 
Detachable machine tool handles, in, 503-5 
Detaching governor, VI, 20-1 
Detectors, ground. III, 21-2 

electrostatic, VI, 148-2 
Detector, temperature, for generator, m, 

396-r 
Detent, ratchet, V, 232-5 
Determinants used for solving equations, 

ni, 69-/ 
Detinning, n, 305-5 
Developer, for blueprints, I, 393-5 



Developer, photographic, V, 17-1 
Developing, shop photography, V, 17-/ 
DeTelopment of surfaces, V, 356-4 

by parallel lines, V, 356-4 

l^ radial lines, V, 357*3 

by triangulation, V, 358-5 

cones, V, 357-4 

cylinders, V, 357-2 

frustum of cone, V, 359-5 

pyramids, V, 358-j 

spheres, V, 360-1 
Dewrance metal, I, 70-2 
Diagonal joint, piston ring, V, 80-1 

q^litting, V, 84-4 
Diagrams, n, 305-4 

comparison with tables, n, 307-4 

horsepower, n, 307-5 

indicator, VI, 3-5; 392-7 

logarithmic, n, 307-4; IV, 240-2 

milling cutter, n, 306-5 

pulley diameters, n, 307-1 

spur gear, n, 306-x 

steam engine, VI, 2-2; 31-2 

stress, n, 261-4 

thrust, for spiral gears, V, 468-2 

valve, VI, 378-2 

wiring, induction motor, IV, 470-5 
Diagrams, indicator, VI, 3-2; 30-4 

construction, VI, 4-5 

definitions, VI, 3-5 

use in valve setting, VI, 392-x 

wavy lines in, VI, 393-5 
Diagrams, valve, VI, 378-2 

Bilgram, VI, 381-5 

eccentricity, effect of changing, VI, 38X-X 

relation to indicator card, VI, 379-5 

valve mechanism, VI, 378-5 

Zeuner, VI, 379-x 

Zeuner, application, VI, 380-7 

Zeuner, construction, VI, 380-2 

Zeuner, summary of principles, VI, 381-2 
Dial feedUng mechanism, press, V, 159-2 
Dial gages, n, 308-2; m, 275-7 
Dial indicator, IV, 55-5 

for measuring machines, IV, 328-5 
Dial, micrometer, friction lock for, m, 5x1-5 
Dial, thread chasing, VI, 233-2 
Diamagnetic substance, n, 308-5; V, 8-2 
Diamagnetism, n, 308-2 
Diameter, IV, 339-5 

angle, VI, 249-5 

equivalent, in spiral gearing, V, 463-5 

pitch, of screws, VI, 249-5 
Diametral pitch, n, 308-5 

bevd gear, I, 353-2 

compared with module, V, 507-2 

herringbone gears, ni, 548-2 

normal, spiral gearing, in, 325-2 

relation to width of face, V, 509-x 

spiral gears, V, 46X-5 

spur gears, f ormuUis, V, 502-5 

spur gears, table, V, 504-x; 505-5 

stub gear teeth, VI, X13-2 
Diamond, I, 557-2 

black, II, 311-7 

black, for truing grinding wheels^ m, 

479-J 
bort, I, 479-4; n, 3XX-7 
carat of, I, 479-4; 557-2 
carat, troy, VI, 464-5 
carix>n, n, 31X-7 
dies, n, 308-4 
dust, grading, IV, X64-2 
hardness, ni, 527-7 
influence of temperature on, n, 312-x 
lap, rotary, IV, 163-4 
selection of, for tools, II, 31X-5 
tools, n, 3x0-4 

tools, for wheel-truing, in, 480-7 
tools, turning, n, 3"-4 
tools, wheel-truing, setting, n, 311-1 
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Diamond composition, white, V, xas-j 
Diamond dies, n, 30S-4 

life of, n, 309-j 

making, II, 309-2 

recutting, n, 309-j 

lecutting, Poppe method, 11, 310-5 
Diamond knurling, IV, 155-J 
Diamond pass, V, 283-2 

for rolling steel bars, I, 370-5 

in wrought-iron rolling, VI, 561-2 
Diamond-point chisel, n, 107-2 
Diamond-point tool, V, 113-5 

metal spinning, V, 457-2 
Diamond-point wood-screw, V, 328-^^ 
Dianol, developer, V, 17-2 
Dick extrusion process, HI, 77-^ 

billet container, m, 81-2 
Dickinson geometric lathe, IV, 180-2 
Die* and tap-holders, I, 173-2 

releasing, VI, 368-3 
Die-beds or bolsters, n, 312-2 

bending dies, II, 314-1 

dramng dies, n, 314-2 

forming dies, II, 314-r 

general type, II, 312-5 

inclined press, II, 312-4 

materials for, n, 314-5 

miscellaneous, 11, 312-4 

sectional dies, n, 313-4 
Die casting, n, 314-5 

accuracy obtainable, 11, 338-1 

advantages, n, 336-4 

aluminum alloys for, II, 339-5 

application, n, 337-2 

brass and bronze, n, 339-4 

dies (see also "Die-casting dies")> H, 

330-4 

dectroplating, m, 48-r 

general principles, II, 3x4-4 

history, II, 314-4 

lead alloys for, n, 338-4 

limitations, II, 337-2 

machines (see also "Die-casting ma- 
chines"), n, 315-2; 326-4 

melting furnace for, m, 224-4 

metals used, II, 338-4 

shrinkage, II, 338-5 

tin alloys for, n, 339-2 

type-casting machines, 11, 315-5 

typical metal mixtures for, n, 339-2 

zinc allqys for, 11, 339-J 
Die-castiiig dies, n, 330-4 

for bearings, n, 335-4 

for casting aroimd inserted pieces, II, 

333-4 
for flat disks, 11, 331-4 
principles, n, 331-2 
slide-type, n, 332-4 
types, n, 331-5 
venting, n, 336-5 
Die-casting machines, II, 315-2 
automatic, II, 326-4; 329-4 
Barr, n, 315-4 
Bruce, II, 314-4 
compressed air type, II, 317-4 
Dimock, 11, 327-2 
Dusenbury, 11, 316-r 
ejectors, n, 320-4 
for storage battery grids, n, 328-5 
hand-operated, n, 316-2; 320-4 
heating chambers, aiudliaiy, n, 317-5 
melting pots, II, 316-5; 318-4 
Mergenthaler, II, 315-r 
opening and closing molds, II, 319-1 
operation, II, 321-5 
operation of Dimock, n, 327-2 
operation of Soss, 11, 323-2 
operation of Van Wagner, II, 325-4 
operation of Veeder, £1, 328-2; 330-2 
Peluze, n, 315-4 
plungers, 11, 316-4 



Die-casting machines, Soss, II, 322-5 

sprue-cutters, II, 320-z 

Sturgiss, n, 315-5 

type-casting, 11, 315-3 

upright type, II, 324-4 

valves, II, 31&-4 

Van Wagner, 11, 325-2 

Veeder, 11, 32^1; 329-4 

Weiss, n, 316-2 
Die chasers, n, 85-2 

angle of top rake, IT, 87-2- 

designating size, IV, 285-5 

difficulties in the use of, II, 864 

for threading brass, 11, 89-1 

grinding, II, 87-5 

hobs for, n, 89-4 

recutting, II, 90-2 

threading, 11, 86-4 

types of, n, 86-j 
Die-dog or driver, II, 394-5 
Die filing machines, II, 348-2 
Die hardening, n, 340-2 
Die-heads, designating size, IV, 286^2 

of pipe threading machine, V, 55-2 

self-opening, VI, 369-2 
Dielectric, II, 342-4 

constant, symbol, V, 529-4 

strength, definition, n, 35-5 
Diemakers' clamp, II, 347-r 
Diemaking, n, 342-4 

annealing die blanks, n, 343-2 

blanking dies, n, 342-4 

clearance, angular, n, 349-2 

clearance between punches and dies, n, 

348-4 
coin dies, 11, 357-3 
compound dies, II, 356-5 
diemakers' clamp, II, 347-1 
filing, n, 347-4 
filing machines, IT, 348-2 
fitting punch to die, II, 349-5 
follow dies, II, 353-J 
hardening dies, U, 340-2; 357-5 
materials for dies, II, 343-1 
medal dies, II, 357-5 
piercing dies, n, 344-5 
reclaiming worn dies, n, 354-5 
sectional dies, II, 356-5 
shearing punch through die, II, 349-4 
shear of dies, 11, 353-4 
stamping dies, V, 525-2 
stoning dies, II, 348-5 
stripper plates, n, 354-4 
sub-press, VI, 117-5 
templets for blanking dies« II, 346-2 
Die-nulling machine, under-cutting, IV, 

398-/ 
Die-pressed castings, II, 359-1 

advantages, n, 359-1 

application of process, II, 362-2 

blanks or slugs, U, 362-r 

hydmulic presses, use of, n, 362-4 

material for dies, 11, 360-1 

power presses used, 11, 360-4 

process of making, II, 361-4 

speed in making, II, 361-2 

types of dies, II, 359-2 
Die presses, IV, 34-4 
Die-pressing, II, 359--r 
Die-pressing dies, 11, 359-2 
Dies, n, 363-1 
• and punches, when to harden, 11, 342-5 

ball blank rolling, I, 227-j 

ball string forging, I, 230-2 

beds, II, 312-2 

bending (see also "Dies, bending"), II, 
368-4 

blanking (see also "Dies, blanking"), 

n, 363-5 
bolsters, 11,312-2 
bolt forging, I, 452-4 



Dies, bolt-header, steel for, II, 274-j 
brass tube drawing, I, 499-4 
burnishing, n, 365-4 
chain manufacture, n, 50-2; 53-5 
classes of, n, 363-x 
clearance between die and punch, II, 

348-4 
clearance effect on punching pressure, V, 

2x6-5 
coin, n, 357-3 
cold-heading, n, 153-4 
compound, n, 356-5; 364-4 
cupping, II, 405-5 
curling, II, 369-2 
curling and wiring, n, 282-2 
cutting, definition, II, 363-2 
designating size, IV, 286-r 
diamond, II, 308-4 
die-casting, II, 330-4 
die-pressing, II, 359-2 
dinking, n, 382-4 
double-action, II, 367-5 
drawing (see also "Dies, drawing"), II, 

366-2; 404-4 
drawing, combination, II, 366-4 
drawing in, compared with metal Run- 
ning, V, 453-5 
drop-forging (see also "Dies, drop- 

forgmg"), n, 479-1; 484-x 
drop-hammer, adjustment for alignment, 

n, 501-2 
drop-hammer, cast iron for, n, 280-5 
drop-hammer, cooling bath, IV, 516-4 
drop-hammer, pack-hardening, IV, 5x5-5 
drop-hammer, steel for, n, 274-x 
drop-hammer, tempering, IV, 5x7-5 
embossing, 11, 366-j 
embossing, forcer for, m, 174-2 
engraving machines for, in, 58-4 
extrusion, HI, 84-4 
follow, II, 363-4 
forging by means of, m, 186-4 
forging machine, heat-treatment of, I, 

82-4 
forging machine, operation of, m, 187-2 
forging machine, steel for, I, 82-4 
forming, II, 368^-4 
forming, die-beds for, n, 3x4-1 
fomung, ejecting work from, with air, V, 

i6x-r 
forming, precautions in making and using, 

n, 419-1 
fomung, setting up, n, 4x9-4 
gang, n, 364-5 

hammering machine, hobs for, m, 498-r 
hammering machine, making. III, 498-r 
hardening, n, 340-2; 357-5 
heads, V, 55-2; VI, 369-2 
making (see also "Diemaking"), n, 

342-4 
medal, n, 357-5 

multiple, n, 364-5 

nut forging, IV, 500-2 

pack-hardening, n, 341-^; IV, 5x6-1 

perforating, n, 365-2; V, 4-1 

piercing (follow), II, 363-4 

piercing, laying out, 11, 344-5 

pillar, n, 370-2 

preventing scale on, IV, 5x8-2 

progressive, n, 364-5 

punching machine, V, 216-2 

"push-through," n, 366-2 

quenching baths for, n, 341-r 

redrawing, 11, 368-2 

sectional, IE, 356-5 

sectional, die-bed for, II, 313-4 

shaping, n, 363-2 

shaving, II, 365-2 

split, die-beds for, II, 313-4 

stamping or lettering, V, 523-4 

steel for, II, 274-j 
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Dies, stop pins, VI, 79-5 
sub-press, II, 369- j; VI, 114-J 
swaging, II, 370-2 
tandem, II, 364-3 
tempering, II, 341-5 
threading (see also "Dies, threading"), 

n,377-J 
thread rolling, VI, 261-j 
thread roUing, tempering, m, 519-3 
trimming, for drop forging, II, aSo-4; 

496-2 
trimming, steel for, VI, 301-2 
triple-action, description, II, 367-4 
wire drawing, II, 308-4; VI, 512-3 
wire drawing, percentage of carbon in, 

I. SS7-4 
wire-forming, VI, 518-1 
wiring, II, 369-2 
Dies, bending, I, 344-3 
bending and twisting, combination, I, 

34*-^ 
blanking and bending combined, I, 345-2 

compound, I, 345-'; 349-^ - 
design of, 1, 345-4 
die-bed for, II, 314-' 
for making five beiids, I, 346-4 
for making four bends, I, 345-4 
stafde, I, 348-1 
types of, I, 344-4 
Dies, blanking, II, 363-3 
annealing die blank, II, 343-2 
clearance, angular, II, 349-2 
clearance between punch and die, n, 

348-4 
compound, n, 356-3 
cutting the opening, n, 347-^ 
diemakers' clamp, 11, 347- J 
filing, II, 347-4 
fitting punch to die, 11, 349-3 
follow dies, II, 353-1 
guide pins, II, 355-^ 
laying out, II, 343-3 
materials used, II, 343-' 
methods of making, II, 342-4 
punches for, II, 350-2 
reclaiming worn, n, 354-3 
sectional, n, 356-3 
shear, 11, 353-4 

shearing punch through die, n, 349-4 
stoning, II, 348-3 
stripper plates, U, 354-4 
tandem dies, II, 353-J' 
templets, II, 346-2 
Dies, die-pressing, n, 359-2 

cooling, II, 359-4 

design, II, 360-2 

material, n, 360-r 

typical forms, II, 360-3 
Dies, drawing, II, 366-2; 404-4 

blank diameters, 11, 408-4 

clearance, II, 408-1 

combination, II, 414-^^ 

diameter reductions, 11, 405-4 

die-bed for, II, 314-2 

difficulties in construction, 11, 418-2 

drawing edges, II, 406-4 

elliptical, II, 417-2 

hardening, n, 419-2 

lubricants, II, 410-4 

number of drawing operations, 11, 415-3 

rectangular, II, 413-2 

rubber pressure pads, II, 420-2 

securing gage plates, II, 419-3 

tempering. III, 5x9-4 
Dies, drop-forging, n, 484-1 

cherrying, II, 494-1 

chipping, U, 488-2 

classification, n, 484-2 

for bronze, II, 494-2 

for copper, 11, 494-2 

hardening, II, 491-3 
216 



Dies, drop-forging, machmes for, II, 487-j; 

499-^ 

materials for, 11, 479-4 

percentage of carbon in, I, 557-4 

rifiOmg, n, 488-4 

scraping, n, 488-3 

sinking, 11, 487-1 

steel for, n, 485-2; VI, 301-2 

trimming, n, 496-2 

typing, n, 489-r 
Diesel cycle, in, 284-3 
Diesel engines, II, 370-3 

air compressor, II, 376-2 

applications, II, 371-4 

capacities, U, 372-2 

compared with ordinary oil engine. III, 
297-4 

compared with Otto engine, II, 374-4 

cost, II, 373-2 

cost, operating, 11, 373-^ 

four-stroke cyde, 11, 371-r 

fuels, II, 372-4 

fuel valve, 11, 375-2 

governing, II, 376-4 

history, II, 373-3 

indicator card of, m, 296-1 

principle of action, m, 284-3 

scavenging pump, 11, 376-3 

self-ignition, theory of, 11, 374-<r 

speeds, II, 372-2 

starting. III, 305-r 

two-stroke cycle, II, 371-2 

types, n, 370-4 

valves and valve-gear, II, 375-1 

water cooling, 11, 376-4 
Die-sinker's chisels, n, 488-2 
Die-sinker's vise, VI, 439-3 
Die-sinking, n, 487-1 

anvil, n, 491-2 

break-down, 11, 490-3 

cherrying, II, 494-r 

chipping, II, 488-2 

chisels, n, 488-2 

circular attachment, 11, 487-4 

cut-oflf, n, 491-2 

cutters, n, 487-3 

department, location of, 11, 481-2 

engraving machine for, m, 62-3 

flash, II, 490-r 

for bronze forgings, 11, 494-2 

for copper forgings, II, 494-2 

fullers, II, 491-2 

general requirements, n, 488-1 

hand operations, II, 488-2 

lead proofs, IE, 489-4 

lettering, n, 489-2 

machines, II, 487-2; 499-2; IV, 397-2 

poUshing, n, 489-r 

riffling, II, 488-4 

scraping, II, 488-3 

spedal operations, n, 493-4 

typing, n, 489-1 

vise for, VI, 439-3 
Die-sinking machine, 11, 487-2; IV, 397-2 

equipped with cherrying head, IV, 398-2 

manufacturing type, II, 499-2 

typeless, IV, 398-3 

under-cutting type, IV, 398-r 
Die slotter, II, 347-3; V, 381-3; 384-4 
Dies, threading, n, 377-1 

burnished, II, 378-3 

chamfer, II, 377-4 

chasers for, II, 85-2 

chasers, pipe threading, V, 55-3 

cutting with, VI, 234-4 
' difficulties in cutting square threads with, 
VI, 276-j 

for screw machine work, I, 172-2 

gas fixture. III, 307-2 

hardening, II, 378-2 

hardening, high-speed steel, IV, 3-2 



Dies, threading, holders, I, 173-2; VI, 
368-3 
inserted chaser, II, 381-2 
percentage of carbon in, I, 557-4 
pipe, n, 380-1; V, 47-2 
pipe, lubrication, V, 47-2 
relieving, V, 262-2 
solid, n, 379-1 
speeds for, in automatic screw machines, 

1, 173-1 

^lit adjustable, II, 380-2 

spring screw, II, 377-1 

spring-screw, adjusting collars, II, 121-4 

square, II, 379-r 

steel for, II, 274-2; VI, 301-2 

steel pipe, II, 381-/ 

tempering. III, 519-3 

threading taps with, VI, 216-4 
Die taps, II, 382-2 

limits of oversize, IV, 25-4 
Dietzel process, II, 382-4 

of silver refining, m, 38-j 
Difference, equivalent phase, V, 530-r 
Difference, potential, symbol, V, 529-3 
Differential back gearing. VI, 433-4 
Differential band brakes, 1, 481-j; 482-r 
Differential block, IV, 26-2 
Differential boosters, IV, 458-4 
Differential current and potential relays, V, 

256-4 
Differential galvanometer, m, x6-2 
Differential gear dynamometer, II, 5x7-2 
Differential gearing, III, 64-j 

variable-speed, VI, 433-4 

mechanism, VI, 423-2 
Differential hoists, IV, 26-2 
Differential mdezing, IV, 50-4 
Differential mechanism on gear bobbing 

machines, advantage of, ni, 366-4 
Differential pulley block, I, 383-2 
Differential secondary relays, V, 355-2 
Differential wage system, VI, 441-4 
Dilver, IV, 77-2 
Dimensions, on drawings, II, 428-r 

for forming tools. III, 195-2 
Dimock die-casting machine, n, 327-1 
Dinking dies, II, 382-4 
Dioxide, carbon, in Moore tube, IV, 430-4 
Dioxide, silicon, V, 366-r 
Dioxide, sulphur, latent heat, IV, 169-1 
Dip brazing, I, 502-5 
Dip for polishing, V, 126-4 
Dippel's oil, IV, 486-4 
Dipping, in enameling. III, 56-4 

japanning by, IV, 94-3 
Dip plant, bright, V, 127-2 
Direct-acting pump, V, 185-3 

multiple-expansion, V, 189-r 

steam, V, 185-2 

steam, duplex, V, 187-3 
Direct current, V, 528-3 

changing alternating to, rectifiers, V, 
248-r 

circuit protection, switchboard equip- 
ment, VI, 150-r 

circuits, oil switches, VI, 168-4 

generators (see "Direct-current gener- 
ators"), m, 398-1 

motors (see "Direct-current motors"), 

IV, 474-^ 
power transmission, Thury system, VI, 

287-4 
relays (see "Direct-current relays"), V, 

249-3 
transforming voltage of, IV, 460-2 

uses, VI, 305-3 
Direct-current ammeters, field, VI, 147-2 
Direct-current ammeters for switchboards, 

VI, 146-4 
Direct-current ampere-hour meters, VI, 

147-1 
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Direct-current balancer set, switchboard 

control, VI, 151-2 
Direct-current boosters, IV, 457-4 
Direct-current compensators, IV, 458-4 
Direct-current curve-drawing instruments, 

VI, 147-1 
Direct-current generators, m, 398-1 

acyclic, I, 26-5 

armature, III, 401-2 

armature winding. III, 401-j 

bearings, HE, 399-3 

bed-plates, HI, 399-j 

bi-polar, III, 400-2 

brushes, m, 402-j 

brushes, sparking, m, 1-5 

brush supports, m, 402-j 

classification. III. 398-3 

commutating poles, m, 400-4 

commutator, HI, 402-1 

commutator faults, III, 1-4 

compound-wound. III, 398^4 

copper loss, in, 403-2 

definition, n, 532-2 

drives, in, 399-2 

eddy-currents, HI, 403-2 

efficiency, HI, 403-2; VI, 59-3 

equalizer rings. III, 401-4 

excessive load or resistance. III, 4-2 

field. III, 400-1 

field windings, m, 400-2 

frame. III, 399-3 

general description. III, 398-2 

heating of parts, III, 3-2 

instrument scale, VI, 14^5 

bsses, V, 535-1 

noises, HI, 3-1 

open circuit, m, 4-2 

operating in parallel, m, 403-4 

operation, m, i-i; 403-3 

rating, HI, 402-4; V, 533-4 

regulation rules, V, 53^4 

residual magnetism, reversed, III, 3-4 

residual magnetism, weak, m, 4-1 

series-wound, in, 398-3 

short circuit, HI, 4-1 

shunt-wound, HI, 398-4 

speed, in, 403-2 

qpeed variations, in, 3-2 

switchboard control, VI, 150-4 

three-wire, m, 404-3 

voltage, in, 403-/ 
Direct-current instruments for switch- 
boards, table, VI, 148-3 
Direct-current magneto, IV, $02-3 
Direct-current motors, IV, 474-2 

armature, IV, 475-1 

armature reaction, IV, 478-2; 479-4 

armature winding, IV, 475-^ 

armature, winding, multiple, IV, 484-2 

armature, winding, series, IV, 481-4 

brushes, IV, 476-1 

brushes, sparking, in, 1-3 

classification, n, 190-3 

comnuitating poles, IV, 479-2 

oonunutation plane, IV, 477-4 

conunutator, IV, 476-1 

commutator faults, m, 1-4 

controllers used for, n, 190-3 

current direction and rotation, IV, 477-3 

efficiency, IV, 481-1; VI, 146-4 

fails to start. III, 3-3 

field, IV, A7A-3 

fidd magnets, IV, 474-3 

for factory use, IV, 443-4 

heating of parts, m, 2-2 

hoist, IV. 437-2 

instrument scale, VI, 146-3 

losses, V, 535-1 

noises, ni, 3-' 

operation. III, i-i 

planer drive, V, loi-i 



Direct-current motors, principle of action, 
IV, 476-2 

regulation rules, V, 537-/ 

running backward, in, 3-4 

self-induction, IV, 480-j 

sparking, IV, 479*4 

speed and load relation, IV, 481-2 

speed regulation, n, 187-2 

q)eed variations, ni, 3-2 

stopping, m, 3-3 

switchboard control, VI, 151-1 

torque, IV, 477-j 
Direct-current relays, V, 349-3 

application, V, 256-4 

armature type, V, 249-4 

balanced-voltage potential, V, 250-2 

bell-alarm, V, 351-2 

calibration, V, 251-4 

classification, V, 249-3 

control, V, 250-4 

for separate feeders, V, 257-1 

for substations, V, 357-4 

for tie lines in parallel, V, 357-3 

for tie lines, single, V, 357-2 

instantaneous, V, 350-2 

interlocking, V, 351-2 

low-voltage potential, V, 250-r 

over-voltage potential, V, 250-2 

polarized tjrpe reverse-current, V, 251-3 

potential tripping, V, 350-3 

reverse current, V, 351-2 

series overload, V, 249-4 

aeries underload, V, 350-1 

signal, V, 351-2 

solenoid type, V, 349-4 

testing, V, 356-4 

time limit, V, 350-2 
Direct-current voltmeters for switchboards, 

VI, 146-4 
Directly-measured efficiency, definition, V, 

S34-2 
Direct proportion, V, 177-2 
Direct-reading micrometer, IV, 360-3 

history, IV, 366-2 
Direct type accumulator, I, 14-7 
Direct valve motion, VI, 388-r 
"Dirty-water" hydraulic ram, V, 310-2 
Discharge, blower, coefficient of, I, 385-4 
Discharge, electrical, n, 383-j 

brush, II, 383-1 
Discharge pipe, hydraulic ram, V, 310-3 

pump, size of, V, 194-4 
Discharge valve, pump, V, 185-2; 193-3 
Discharging capacity, of pipe, V, 33-4 

of redprcxstting piunps, V, 195-1 
Disconnecting switches, VI, 159-r 
Discount, IV, 71-4 
"Dish-pan" idlers for belt conveyors, n, 

201-2 
Dish wheels, m, 473-2 
Disk-and-button locating method, IV, 213-3 
Disk-and-square locating method, IV, 2x6-1 
Disk brakes, I, 484-3; 486-2 
Disk cams, I, 531-2 
Disk dutches, n, 134-r; 142-4 
Disk diameters, for setting angular work, 

IV, 215-r 
Disk fans, m, 102-4 

capadty, in, 107-4 

horsepower, in, 107-4 

motor drive, IH, io8-r 
Disk gage, for taper measurements, m, 

373-2 
Disk grinders, n, 383-2 

designating size, IV, 385-1 

ring wheel, n, 387-j 
Disk grinding, n, 383-1 

abrasives, n, 384-2 

allowances, II, 385-1 

aluminum, n, 386-r 

attaduDg abrasive disks, n, 385-4 



Diisk grinding, babbitt, n, 386-j 

copper, n, 386-r 

feeding pressure, n, 385-3 

machines, II, 383-2; 387-j 

reduction of area to be ground, H, 385-4 

ring wheel, n, 387-r 

rotary, n, 386-2 

soft metals, n, 386-1 

speeds, n, 385-2 
Disk lap, rotary, IV, 163-4 
Disk locating method, IV, 213-1; 316-j 
Disk method, of measuring angles, I, 96-3; 

98-j 
Disk method, of testing squares, V, 521-4 
Disk, radius of gyration. III, 490-j 
Disks, armature, power press for, V, 154-2 
Disks, attaching abrasive, II, 385-4 
Disks for setting angular work, IV, 215-2 
Disks for spacing holes, IV, 216-2 
Disks, friction, for cutting metal, H, 294-3; 
m. 216-2 

for cutting threads, m, 2x6-4 

sted for, n, 274-2 
Disks, friction, for power transmission, IH, 
217-r 

variable-speed, VI, 430-2 
Disks used for spadng holes in drcle, n, 

388-3 
Disk-t3rpe surface grinder, in, 443-1 
Disk whed, for grinding cutters, n, 387-4; 

IV, 373-1 

Displacement method for testing air com- 
pressors, I, 47-2 

Di^lacement of redprocating pumps, V, 

I95-I 
Displacement, phase, symbol, V, 539-4 
Disruptive critical voltage, n, 313-3 
Dissipation of heat, transformer. VI, 306-4 
Distillate, hydrometer test, m, 397-r 
Distillation of fud oils, m, 396-4; IV, 244-4 
Distilled oils, IV, 345-1 
Distortion due to clamping, II, X22-3 
Distortion of planer table, V, 109-2 
Distributed core type transformer, VI, 306-4 
Distributor, magneto, IV, 302-4 
Divalent, definition, n, 95-r 
Diversity factor, V, 530-3 
Dividers, designating size, IV, 386-4 

draftsmen's, n, 403-4; 403-4 

hermaphrodite, II. 38-2 

needle-point, n, 403-2 

proportional, n, 403-2 

setting, IV, 190-4 

qndng, n, 403-2 

table for setting for drcular divisions, 

IV, X93-3 
Dividing drdes, IV, 193-2 

table for setting dividers, IV, 193-3 

tool-room practice, II, 387-4 
Dividing engine. Brown, IV, 381-4 

Hindley, IV, 8-r 
Dividing-head, n, 394-^; IV, 47-5 

designating size, IV, 385-3 

sector, IV, 53-2 

setting for milling angular cutters, IV, 
380-1 

setting for milling dutch teeth, n, X33-3 

setting for milling side mills, IV, 375-' 

used for cam milling, I, 552-r 

use of, IV, 404-4 
Dividing machine, drcular, m, 431-2 
Dividing methods, tool-room, n, 387-3 

disk method, n, 388-3 

dividing a drde, n, 387-4 

jig for hole spacing, n, 389-4 

making large index plate, H, 39X-2 

making predsion dividing whed, II, 390-2 

spacing holes equi-distant, n, 389-2 

split ring method, II, 388-/ 
Dividing wheel, maldng precision, n, 390-a 
Division, by logarithms, IV, 342-2 
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Division, in algebra, I, 63-2; 64-4 

on slide-rule, V, 377-1 
Dog-notch method for rotating shells, V, 6-2 
Dog-point set-screws, V, 326-5 
DogB or driTors, n, 394-2 

application to lathe work, IV, 184-2 

compensating, n, 395-5 

designating size, IV, 286-5 

end-driving, n, 395-4 

equalizing, n, 394-4 

holdback, 11, 395-^ 

safety, H, 395-1 
Doherty process, II, 280-4 
Dolomite flux, blast furnace, I, 379-4 
Dome, boiler, I, 440-2 

calculating, V, 444-5 

pattern drafting, V, 357-2 
Door chains for furnaces, m, 237-5 
Door linings for furnaces, m, 237-J 
Doors, furnace, m, 233-j; 237-1 
Doors, swinging, to prevent acddents, I, 

10-5 
Dormant scale, VI, 459-1 
Dotted lines on drawings, II, 424-1 
Double-acting hydraulic press, IV, 37-2 
Double-acting pump, V, 185-5 
Double-acting ratchet drill, V, 232-2 
Double-action dies, II, 367-J 
Double-action press, V, 152-5 

gang, V, 155-5 
Double-action ratchet gearing, V, 233-r 
Double-angle cutters, W, 368-r; 379-5 
Double-arch boiler furnaces, I, 410-2 
Double-branch ell>ow, V, 44-2 
Double-crank forging press, V, 155-4 
Double-current generator, m, 405-r 
Double-cut files, m, 121-1 
Double-cutting planer, V, io6-r 
Double-drawing press, V, 153-1 
Double-flow turbine, VI, 56-2 
Double-head Lincoln milling machine, IV, 

396-2 
Double key, Kennedy, IV, 147-1 
Double-refined iron, VI, 555-2 

manufacture, VI, 558^4 
Double-riveted butt-joints, formulas, V, 
271-2 

proportions, V, 270-J 
Double-riveted lap-jomts, formulas, V, 

271-1 
Double riveting, V, 269-5 
Double-shear steel, definition, VI, 63-2 
Double-spindle lathe, W, 177-2 
Double-sweep tee, V, 44-2 
Double thread, cutting, VI, 241-r 
Double-tooth sprockets, 11, 76-4 
Double-trolley systems to prevent electrol- 
ysis, ni, 31-4 
Double-tube injector, IV, 59-2 
Douglas fir, as fuel, m, 219-2 

for transmission line poles, VI, 316-4 

weight per foot, V, 401-2 
Dovetailed joint, IV, 543-2 
Dovetail keyseat, broadiing, I, 513-4 
Dovetail mill, IV, 368-2 
Dovetafl slides, measuring, 11, 396-j 
Doweled joint, patterns, IV, 543-2 
Dowel-plates for patterns, IV, 538-/ 
Dowels for patterns, IV, 538-1 
Dowel wood-screws, V, 328-4 
Down-draft gM producers, m, 309-r 

combined with up-draft, ni, 311-5 

pressure type. III, 310-2 

suction type, HI, 3"-^^; 313-4 
Drachm, apothecaries' weight, VI, 464-5 

avoirdupois, VI, 464-5 

fluid measure, VI, 464-5 
Draft for patterns, IV, 539-5 
Draft in drop-forging dies, II, 486-2 
Drafting board, position with relation to 
windows, II, 396-a 



Drafting fabric, unidraft, VI, 374-^ 
Drafting instruments (see "Draftsmen's 

tools"), n, 401-4 
Drafting machines, II, 404-5 
Drafting-room lighting, n, 396-2 

light required, n, 554-2 
Drafting-room systems, n, 398-2 

blueprints, n, 400-4 

chanjges on drawings, n, 400-2 

checking, 11, 399-4 

jig and fixture drawings, n, 401-j 

lists, n, 399-2 

numbering parts, n, 398-4 

patching drawings, II, 400-4 

sizes of drawings, n, 398-5 

special machines and attachments, II, 

401-5 
tool-list, II, 401-2 

tracings, II, 399-5; VI, 301-5 
Drafting, sheet metal pattern, V, 356-2 

bending allowances, V, 361-r 

conical method for spheres, V, 360-4 

developing cone frustum, V, 359-5 

developing spheres, V, 360-r 

gore method for spheres, V, 360-2 

intersections of cones, V, 357-4 

intersections of cylinders, V, 357-2 

intersections of psrramids, V, 358-1 

parallel line method, V, 356-4 

radial line method, V, 357-5 

triangulation, V, 358-5 
Draft, mechanical, for boilers, I, 412-4 

air pressures for, I, 384-' 

balanced, I, 413-^ 

fans for, HI, 107-2 

forced, I, 413-1 

induced, I, 414-/ 

mduced, fans for, I, 413-4 
Draftsmen's tools, n, 401-4 

beam compasses, II, 403-5 

bow pen, n, 403-2 ^ 

curves, II, 402-5 

dividers, II, 402-4 

drafting machines, 11, 404-5 

drawing-board, II, 402-1 

drawmg paper, 11, 404-2 

drawing pens, n, 403-4 

pencils, n, 404-j 

protractors, 11, 402-5 

scales, II, 403-4 

T-squares, n, 402-2 

triangles. II, 402-2 
Draftsmen's workmg hours, VI, 541-j 
Drag, IV, 412-4 
Dragon rope, VI, 530-2 
Drag print, IV, 541-4 

Drainage pans on machine tools, IV, 264-j 
Drainage, pipe, to prevent electrolysis. III, 

31-1 
Drawback chucks, II, 112-4 
Draw-backs, molding with, IV, 421-j 
Draw-benches, IV, 34-4 

for brass tubing, I, 499-1 

for pipe, VI, 336-4 

for pipe, hot, VI, 337-2 

for pipe, power for, VI, 337-' 

wire, VI, 5 "-5 
Draw-cut shaper, V, 343-2; 349-4 
Draw-filing, HI, 131-2 
Draw-in chucks, 11, 112-4 
Drawing-board, 11, 402-j 
Drawing-brass, composition of, V, 460-5 
Drawmg brass tubes, I, 499-2 

dies for, I, 499-4 
Drawing dies, II, 404-4 

air pockets in dies, II, 410-2 

alligator skin effect, II, 419-4 

annealing brass, II, 420-2 

annealing drawn shells, n, 410-4 

blank diameters, II, 408-4; 411-j 

blanks for irregular shapes, II, 418-4 



Drawing dies, clearance, n, 408-r 

combination, II, 366-4; 414-1 

construction, difficulty in, n, 418-2 

description, n, 366-2 

diameter reductions, n, 405-4 

die-bed for, II, 314-2 

drawing edges, n, 406-4 

elliptical shapes, blanks, n, 417-2 

flanged and tapered shdls, 11, 411-4 

formulas for die diameters, II, 406-j 

hardening, n, 419-2 

ironing stock, II, 408^2 

lubricants for. 11, 410-4 

materials for, n, 413-1 

number of drawing operations, 11, 415-5 

rectangular flanged shells, II, 41 7-1 

rectangular, laying out, 11, 41 5-1 

rectangular, sectional, n, 414-5 

rectangular shape, II, 413-2; 414-5 

rectangular, shape of blanks, II, 416-2 

rectangular tapering shells, II, 417-2 

rubber pressure-pads, II, 420-2 

securing gage plates, 11, 419-5 

tempering, HI, 519-4 

wire, n, 308-4 

wrinkles in drawings, n, 406-5 
Drawing edges for dies, n, 406-4 

re-drawing dies, n, 407-5 
Drawing in dies compared with metal ^lin- 

ning, V, 453-5 
Drawing machines, n, 404-5 
Drawing paper, n, 420-4 
'Bristol boards, II, 421-4 

doth mounted, II, 421-5 

cross-section, II, 422-1 

^gshell, n, 421-5 

linen ledger, II, 421^ 

Manila, 11, 421-2 

I>archment, II, 422-5 

profile, II, 422-1 

sizes of, II, 4 21- J 

tracing, n, 422-2 

unidraft fabric, VI, 374-2 

Weston, n, 421-4 
Drawing pencils, 11. 404-1 
Drawing pens, II, 403-4 
Drawing presses, IV, 34-4 
Drawing-room, see "Drafting-room" 
Drawings, II, 422-5 

abbreviaticms used, 11, 429-z 

anisometric projection, IV, 87-2 

appraisal of, I, 105-2 

arrangement of views, n, 423-2 

changes, II, 400-2 

checking, n, 399-4 

deaning, IV, 125-5 

copying by photography, V, 18-4 

cross-sectioning, II, 427-5 

devdopment of surfaces, V, 356-4 

dimensbning, 11, 428-j 

dimensioning for forming tools, m, 195-2 

dimensioning in metric qrstem, IV, 357-2 

finished surfaces, indicating, 11, 428-4 

first-angle projection, 11, 423-5 

for bevd gears, I, 364-4 

for jigs and fixtures, II, 401-1 

for piping, V, 56-1 

for shop use, II, 422-5 

for spur gears, V, 516-5 

for worm-wheeb, VI, 545-2 

geometrical construction, m, 409-4 

indicating materials, II, 427-4 

isometric projection, IV, 86-4 

jig, IV, 125-r 

jig, sizes, IV, 125-5 

lines used, n, 424-j 

making, for tracing, VI, 301-5 

oblique projection, IV, 87-1 

patching, II, 400-4 

patent, bristol board for, II, 421-4 

pencils for making, II, 404-1 
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DrawiogSi pei-spec U ve, V, 8-j 

photosteting, V» 19^ 

pcojecdon, II, 422-4 

scaks of metiJc, IV, 357SI 

icrew threads^ II, 424-4 

flectknal views* n, 426-1 

sectionSi broken, II, 425-j 

BTTfionfl, dotted, II, 426-3 

shade lines, II, 424-a 

shfUarking, IV, X25-J 

sizes, n, 398-3; 421-X 

tapped holes, II, 425-r 

thlnl-an^ pcojection, n, 423-j 

tracings, VI, 30X-J 
Drawing spiral, V, 461-r 
Drawing, tempering, m, 516-j 

bath for gears, m, 379-j 

Marksmifhs* tods, 1, 376-j 

dies, n, 341-3 

gears, m, 379-5 

pondies, 11, 342-a 

roOing mm rolls, V, 281^4 

steel balls, I, 235^ 

tapper taps, VI, 194-1 
Drawing temper of tools when grxndmg, VI, 

295-2 
Drawing, wire, VI, 510-j 

aluminum, I, 86-j 
Drawkey,IV, Z45-2 
Drawn rectangular parts, trimming, II, 

417-^ 
Drawn sheet metal, alligator akin eflfect, 

n. 419-4 

Drawn sheila, annealing, 11, 4^0-4 
blanks, fonnulas, n, 411-z 
comparison between extruded and, m, 

84-3 ' 

diameter redactions, n, 405-4 
Draw-plates, wire drawing, VI, 5^2-3 
Dredges, electric, IV, 439-J 
Dressers, grinding wheel, m, 479-4 

accidents, V, 306- 1 
Dressing grinding wheels for form tool grind- 
ing, m, 198-1 
Dressing rolling mill rolls, V, 289-j 
Dressfaigs for belts, I, 325-5 
Driers for paints, II, 2x6^ 
Drifting tests of wrought iron, VI, 557-'; 

558-r 
Drifts, drill, designating size, IV* 286-4 
Drill and steel wire gage, n, 440-4 
Drill and wire gages compared, II, 469-a 
Drill bushings, jig, IV, 96-j 
Drill chucks, II, 429-2 

automatic type, n, 429-j 

cam and eccentric-jaw, n, 430-j 

designating size, IV, 285-4 

geared-sleeve, II, 429-5 

geared sliding-sleeve, n, 43X-2 

keyless ball-bearing, 11, 430-2 

quick-change collet, n, 431-4 

roller-bearing, II, 430-4 

sliding-sleeve collet, II, 432-2 

two- jaw screw type, II, 429-4 
Drill drifts, designating size, IV, 286-4 
Drilled parts, strength of, II, 446-4 
Drill file, application, m, 133-4 
Drill gage, jobbers', II, 441-1 

manuf acturera' standard, II, 469-2 
Drill grinders, II, 434-1 

automatic, II, 436-z 

design, 11, 436-2 

designatinis size, IV, 285-2 

horsepower, IV, 452-5 

operation, II, 434-4 

Sellers', n, 435-5 

Worcester or Washburn, II, 434-4 
Drill grinding, n, 432-5 

angle of drill point, II, 432-4 

clearance angles, n, 433-5 

dearanoe^ testing, n, 433-2 



Drill grinding, effects of incorrect, II, 432-4 

marhtnfs (see "Drill grinders"), II, 434-1 

requirements, II, 432-5 
Drill heads, multipley^xndle, II, 464-5 
Drill-holders, 1, 165-x 

friction, VI, 195-5 

turret lathe, VI, 367-4 
Drilling, n, 437-5 

at an angle, jig for, IV, X32-5 

brick, n, 442-5 

causes of lost time in, II, 445-2 

copper, brass, or German silver, hibrfcmt, 
IV, 255-2 

counterboring, n, 439-5 

countersinking, II, 439-4 

deep-hole (see also ''Drilling, deep- 
hole"), n, 446-4 

department, economy, II, 443-' 

department, effidency of, II, 445-5 

feeds, n, 441-2; V, 438-2; 440-5 

glass, n, 442-4 

gjaas, lubricant, IV, 254-j 

guiding the driD, IV, X20-4 

in automatic screw machines, I, X64-5 

in lathe, IV, 185^ 

in turret lathe, VI, 37Z'^ 

figs, n, 438-5 

lubricants^ n, 443-1; IV, 253-^ 

iwarMnjM (gee also "Drilling machines")* 
11,456-2 

machines req ui red for, II, 443-' 

nuufole, n, 442-4 

oil-holes m twist drills, n, 440-4 

paper, H, 443-2 

ratchet, V, 231-4 

speeds, n, 44X-J; V, 438-2; 440-5 

speeds and feeds, for automatic screw 
machines, I, 165-2 

speeds, table, V, 440-j 

square holes, H, 473-2 

starting the drill, II, 438-2 

tapping devices, n, 444-4 

testa, n, 44X-5 

tool supply for, II, 446-2 

viae, VI, 440-2 
Drilling and milling marhine, combined, 

n, 462-2 
Drilling and tsqipmg machine, 11, 46X-5 

driving mechanism, V, 41 5-1 

feed mechanism, V, 418-1 
Drilling attachments, deep-hole, II, 450-5 

high-speed, n, 463-5 

universal ^aper, V, 35X-5 
Drilling, boring, and milling marhineSi I» 
476-5; IV, 397-2 

horsepower, IV, 451-4 
Drifflng, deep-hole, n, 446-4 

attachment for, II, 450-5 

com p ressed air in, II, 453-x 

drills, construction, II, 451-2 

drills, flat, n, 447-5 

drills, measuring, II, 454-4 

gun-barrel, 11, 453-1 

in automatic screw machines, I, 164-4 

in gun construction, n, 453-2 

inserted-blade cutter for, II, 450-1 

lubricant, IV, 253-5; 254-j 

methods, n, 446-4 

rifle barrel, n, 452-j 

twist drill for, II, 448-2 

''wood reamers," 11, 454-2 
Drilling machines, n, 456-2 

application of, n, 443-2 

attachments for high speed, 11, 463-5 

automatic, n, 462-5 

ball bearings for, I, 219-5 

chamfering gear teeth in, m, 382-2 

classification, H, 456-5 

designating size, IV, 284-4 

drilling and milling, n, 462-2 

drilling and tapping, II, 461-5 



Driffing ii ffl<^4ifi|<Ni^ drUIfflg, i«ni?ng^ anj 
boring, I, 469-2; IV, 397-2 

feed mechanisms, V, 4x7-1 

gang, n, 457-1 

gun-barrd, II, 453-/ 

high-duty, n, 461-2 

higb-qieed, n, 462^ 

horsepower, IV, 451-5 

faydropoeumatic, n, 465-12 

motor drive, IV, 450-5 

motor drive, horsepower, IV, 448-^ 

multiple-spindle, n, 458-4 

multiple-qundle drill head, II, 464-5 

multipJe^Mndle, rotary-platen, II, 462^4 

multiple-q)indle, turret type, n, 463-r 

pneumatic, V, X20-5 

radial, n, 457-4 

radial, ball bearings for, I, 220-x 

radial, post, II, 458-4 

radial, universal, n, 458-5 

radial, wall, II, 458-4 

requirement-, ol, II, 443-4 

sensitive, n, 457-4 

sensitive, horsqpower, IV, 451^ 

q>eed-inecfaaiiiams, V, 4x3-2 

turret type, II, 460-4 

turret type multiplenspindle, n, 463-1 

upright, n, 457-r 

worm trip for, VI, 90-4 
Drilling madunes, feed mechanisms, V, 

417-X 
boring, drilling, and tapping marhinp, V, 

4x8-1 
radial drill, V, 4x8^^ 
upright drill, dutch-controUed, V, 4x7-1 
1^)right drill tumbler gear type, V, 4x7-2 
Drilling machines, speed mechanisms, V, 

4x3-2 
boring, drilling, and tapping machine, 

V,4i5-i 

Ugh-power drill, V, 4x4-2 

multiple-spindle drill, V, 4x6-2 

radial drill, V, 4x4-4 

sensitive drill, V, 4x5-4 

upright drills, V, 4x3-2 
Drilling vise, VI, 440-2 
Drill jtest IV, XX4-2 

box, IV. XX9-J 

box, design, IV, X28-5 

bushings, IV, 96-5 

damping devices, IV, xox-5 

damping devices, requirements, IV, xx6^ 

dosed, design, IV, X28-5 

definition, HI, 153-5 

design, details, IV, X20-4 

design, effect of chips, II, xo4-4 

design, prindples, IV, 115-x 

drawings, IV, X25-X 

feet, IV, xx7-x; X27-2 

for drilling at an angle, IV, X32-5 

guiding drill, IV, X20-4 

handling large, IV, X32-4 

indexing, IV, X39-5 

leaf design, IV, X3X-2 

locating by bushings, IV, X2i-x 

locating by keyways, IV, X23-4 

locating devices, requirements, IV, X16-2 

locating pcHnts, IV, X21-2 

locating points, adjustable, IV, 122-4 

materials, IV, XX7-2 

object of, IV, XX4-2 

open, IV, xx8-4 

open, design, IV, X26-X 

types, IV, X18-2 

used in drilling, n, 438-5 

weight, IV, 1x6-4 
Drill presses, see "Drilling machines* 
Drill rod, II, 465-2 

swagmg, VI, X34-4 
Drills, n, 465-5 

carbon steel, speed, V, 440-4 
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Drills, clearance, n, 466-5 
cobalt steel, II, 146-4 
combined with pipe taps, V, 54-^ 
constant-angle, II, 465-4 
deep-hole, construction, n, 451-2 
deep-hole, micrometer for, 11, 454-4 
designating size, IV, 285-4 
dimensions, II, 46S-J 
driUing oil-holes in twist, H, 440-4 
feeds for, H, 441-2; V, 438-2 
flat, n, 439-2 
flat, for autooiatic screw marhines, I, 

167-2 
flat, for lathe, IV, 186-J 
flat-twisted, n, 471-1 
flat-twisted, capacity, II, 44 4-1 
flat-twisted, socket for, IV, 431-4 
fluting, II, 469-2 
fluting cutters, 11, 46&-1 
fluting cutters, designating size, IV, a86-x 
for automatic screw machines, 1, 164-j 
for brick, n, 442-5 

for deep-hole diilling, 11, 447-5; 448-2 ■ 
forging, n, 468-2 
for glass, n, 442-4 
for marble, n, 442-4 
for paper, n, 442-2 
for square holes, n, 473-2 
gages, n, 440-2; 467-5; 469-^ 
grinding, n, 432-5; 467-2 
grinding after hardening, 11, 470-2 
grinding clearance, II, 470-1 
grooving cutters for, II, 468-j 
hardening, II, 467*7; 470-1 
high-speed steel, 11, 441-5; 444-5; 47«-^ 
high speed steel, capacity, II, 444-5 
high-speed steel, care of, II, 441-4 
high-speed steel, hardening, IV, 3-2 
high-speed steel, speeds, II, 441-2; V, 

440-5 
hot-forged, II, 470-2 
increased twist, n, 465-4 
lead of helix, II, 466-r 
letter size, n, 470-1 
manufacturing methods, 11, 467-4 
milling clearance, n, 470-1 
milling grooves, II, 468-4 
Navy specifications, II, 472-2 
numbered sizes, II, 470-4 
oQ-duct, II, 451-4 
oil-tube, n, 440-5 
pneumatic, air pressures in, I, 31-5 
pneumatic, mechanism, V, 120-5 
point, angle of, n, 432-4 
ratchet, V, 231-5 
relief, n, 466-5 
rifle barrel, n, 452-1 
rock, electric, IV, 439-2 
sizes, n, 470-z; 470-4 
sockets for, Cleveland grip, II, 131-2 
sockets for, designating size, IV, 285-5 
sockets for, Morse, IV, 431-2 
speeds and feeds, 11, 441-1; V, 438-2; 

440-5 
starting, 11, 438-2 

sted for, n, 274-1; 470-5; VI, 301-2 
straightening, II, 470-2; V, 245-2 
straight-fluted, n, 439-2; 473-2 
tap, VI, 200-1 
teat of, n, 439-2 

tempering, 11, 467-2; 470-1; III, 519-5 
thickness of web, n, 466-2 
three-fluted, II, 439-1 
turning, 11, 468-4 
twist, n, 439-1; 465-5 
twist, percentage of cariwn in, I, 557-5 
types of, n, 438-4 
Vaudain, 11, 471-5 
wire gage sizes, II, 469-1 
with increased lead angle, II, 472-j 
wood-carving, speed, V, 444-1 



Drill shanks, Graham, HI, 509-2 

Morse, IV, 431-2 
Drill speeders, II, 463-5 
Drill speed regulator, II, 464-2 
Drip-proof electrical machine, V, 532-5 
Drive pipe, hjrdraulic ram, V, 210-2 
Driver plate, equalizing, II, 395-1 
Drivers or dogs, 11, 394-2 

application, IV, 184-2 

compensating, 11, 395-5 

end-driving, II, 395-4 

equalizing, 11, 394-4 

for faceplate work, IV, 187-tf 

holdback, II, 395-2 

safety, n, 395-^ 
Drives for machine tools, IV, 270-4 

back-gear diameters, IV, 271-5 

Barth speed range, IV, 272-2 

chromatic speed ranges, IV, 272-2 

countershaft speeds, IV, 271-2 

designing, IV, 270-4 

determin ng speeds, IV, 271-1 

electric, IV, 441-5 

feed changes, ratio of, IV, 275-1 

feed mechanism, strength of, IV, 276-1 

geared, IV, 277-2 

gears for, V, 514-5 

geometrical progression table, IV, 273 

planer (see also "Drives, pbner"), V, 

96-4 
single pulley, IV, 277-2 
speed changes, number required, IV, 

274-1 

speed progression, IV, 272-5 

types, IV, 270-4 
Drives, geared, IV, 277-2 
Dfiyes, planer, V, 96-4 

electric, IV, 450-4; V, 100-4 

electric, horsepower, IV, 451-5 

four-speed countershaft, V, 100-2 

parallel, V, 97-5 

rocking idler, V, 98-2 

second-belt, V, 97-4 

Sellers, V, 97-/ 

spiral-geaied. V, 97-4 

qiur-geared, V, 97-r 

two-speed, V, 99-2 

two-speed countershaft, V, 99-4 

variable-q)eed, belted, V, 100-5 

vaiiable-^)eed, geared, V, 100-5 

variable speeds, V, 98-2 
Drives, single pulley, IV, 277-2 
Driving-box crown brasses, IV, 231-4 
Driving-boxes, fitting to axles, IV, 232-r 
Driving chain transmission, n, 60-4 

lubricants for, n, 67-2; IV, 246-2 
Driving fits, HE, 145-1 

allowance for jig bushings, IV, loi-i 
Driving rope, V, 294-5 

cotton, horsepower transmitted, V, 296-1; 
296-5 

lubrication, V, 294-4 
Driving-whed boxes, IV, 230-4 
Driving-whed lathes, designating size, IV, 

284-2 
Driving wheels, locomotive, boring, quarter- 
ing machine for, V, 226-4 

centers, IV, 228-4 

turning, IV, 228-2 
Driving wheel tires, locomotive, IV, 228-5 
Drop elbow, V, 44-2 
Drop-forged tap blanks, VT, 215-4 
Drop forging (see also "Drop-foigings")» 
n, 474-j 

definition, m, 186-4 

devdopment of process, II, 474-5 

dies (see also "Drop-forging dies"), 11, 

479-/; 484-' 
fin removal, U, 476-1 
hubbing, II, 474-4 
limitations of process, n, 477-4 



Drop forging, limits of accuracy, II, 477-2 
methods of applying pressure on dies, II, 

476-4 
plant (see "Drop-forging plant"), 11, 

481-1 
precautions, U, 480-4 
prindples, II, 475-2 
string method, II, 480-J 
treatment of steel and wrought iron, II, 

476-2 
Drop-forging die machines, II, 499-2 
Drop-forging dies, II, 484-1 
allowance for finish, n, 486-2 
annealing, II, 493-1 
anvil, n, 491-2 
break-down, n, 490-5 
cast iron for, II, 280-5 
cherrying, 11, 494-1 
dupKMng, n, 488-2 
dasrification, II, 484-2 
cut-off, n, 491-2 
die-sinlung, II, 487-r 
draft allowance, n, 486-2 
flash, n, 490-1 
for bronze f oigings, n, 494-2 
for camshaft forgings, n, 495-2 
for oonnecting-rod forging, n, 494-5 
for capper f oigings, n, 494-2 
for long drop-forgings, II, 495^ 
for thrust collar, II, 494-4 
gate and sprue, II, 489-5 

hardening, n, 491-j; 49^-4: 493-* 

hardness test, n, 493-5 

laying out, n, 485-4 

lead proofs, n, 489-4 

lettering, II, 489-2 

machines for making, 11, 487-2; 499-2 

materials for, II, 479-4 

pack-hardening, IV, 515-5 ' 

percentage of ciubon in, I, 557-4 

polishtng, II, 489-1 

punches for trimming, n, 498-r 

quenchmg, n, 492-2; 493-5 

riflSing, n, 488-4 

scraping, n, 488-5 

scribing outline, n, 486-5 

sinking impression, II, 487-1 

sprue, n, 489-5 

steel for, n, 274-1; 485-2; VI, 301-2 

tempering, n, 492-5; 493-5 

trimming dies, n, 480-4; 485-j; 496^9 

two-impression, II, 484-4 

typing, n, 489-1 
Drop-forging plant, n, 481-r 

air piping, n, 483-4 

comparison between board and steam 
drop-hanuners, II, 482-r 

die-sinking department, II, 481-2 

drop-hammers, 11, 481-5 

floor for, in, 159-2 

fuel oil, n, 483-2 

hardening department, n, 482-5 

oil piping, n, 483-4 

oil tsnks, n, 482-4 
Drop-forgings, II, 474-r 

dies for, 11, 479-/; 484-r 

limitations in making, n, 477-4 

limits of accuracy, II, 477-2 

sdection of steel for, II, 478-5 

steel for, II, 478-r 

strength of, II, 478-4 
Drop-hammers, n, 500-r 

application of, 11, 481-5; III, 183-r 

board (see also "Drop-hammers, board"), 
U, 500-2 

comparison of board and steam, IE, 482-1; 

S12-4 
designating size, IV, 285-2 
drop presses, n, 510-j 
force of blow, I, 392-2 
horsepower, IV, 453-5 
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Diop-hammen, steam (see abo ''Drop* 
hammers, steam"), II, 511-j 
where developed, IV, 283-4 

Jhop-hMmmms9 board, II, 500-2 
automatic knock-offs, n, 502-4 
boaid damps, control, II, 507-j 
board clamps, floating, II, 507-4 
board damps, location, 11, soS^ 
board-damp type, II, 500-2 
bottom stop for friction bar, II, 504-r 
bottom trips, n, 502-4 
catch-up type, II, 500-2 
comparison with steam drops, n, 482-1; 

512-4 
cross-adjustment, 11, 501-2 
eccentric adjustment, II, 506-j 
foot-treadle control, 11, 500-j 
foundations, II, 510-4 
frame design, n, 509-2 
geared drive for friction rolls, n, 506-4 
general construction, II, 500-5 
hammer elevating mechanism, II, 500-4 
head or lifting mechanisms, II, 506-1 
latch type, II, 500-2 
lifting board, II, 501-1 
method of joining board to hammer, II, 

509-2 
oil guards for friction rolls, n, 507-2 
roll-rdeasing mechanisms, II, 505--^ 
weights of hammer and base, 11, 501-2 

Drop-hammert, steam, n, 5x1-5 
oomijariaon with board drops, II, 482-j; 

512-4 

foot-treadle control, 11, 51 1-4 
regulation of force of blow, II, 5x2-1 
regulation of stroke, n, 51 1-4 
vaIvoK>peratixig mechanism, II, 5x1-5 
Zwiker throttle control, n, 5x2-5 

Drop, per cent, electrical, definition, V, 
530-2 

Drop presses, 11, 510-r 

Drop-print, pattern, IV, 542-2 

Drop, resistance, reactance, and impedance, 

V, 530-* 
Drop tee, V, 44-5 

Drop, voltage, in conductors, VI, 313-4 
Drum controDers, II, 188-4 
Drum gear, crane, strength of, n, 256-2 
Drums, mine hdsts, IV, 437-1 
Drums, sheraatizing, V, 365*1 
Drums, wire rope, VI, SS'^'3 

dimensions, VI, 527-5 

acoring, VI, 532-^ 
Drum type armature winding, m, 393-4; 

40X-5 
Prunken thread, V, 52-^; VI, 242-2 

error in measuring, VI, 253-1 
Dry-air pumps, I, 52-2 

engine-type^ I, 55^ 
Dry and wet internal grinding compared, 

m, 460-j 
Dry batteries, electric, I, 252-2 

compared with magnetos, IV, 30X-5 
Dry cylinder grinding, 11, 299-r 
Drying furnace. III, 228-4 
Drying iron ore, IV, 86-2 
Drying oil for transformers, m, xo-5 
Drying transformers, m, ii-i 
Dry joint, pipe, V, W3 
Dry lapping, IV, 167-4; 168-2 
Dry-lead hardenmg process, m, 492-4 
Dry measure, VI, 464-2 

metric, VI, 465-2 
Thy meUiod of refining copper, U, 204-4 
Dryness of steam, VI, X22-5 
Dry-pQe dectxometer, m, 4X-4 
Dry sand cores, n, 208-5 
Diy sand moldmg, n, 26-5; m, 212-2; 

IV,4XX-2 
Dry stom, I, 430-1 
Ductility of metals, n, 513-2 



Dudgeon method, VI, 340-4 

Dununy strips, composition of metal £or» 

1,68-4 
Dumpy levd, VI, 130-5 
Duplei air oompressors, I, 36^ 
Duplex cable. I, 525-4 
Duplex compoimd engines, VI, 24-2 
Duplex direct-acting pumps, V, 187-5 
Diq)Iex horizontal milling msrhinft, IV, 

396-2 
derignating size, IV, 285-1 
Duplex open-hearth process, IV, 508-5 
Duplex planer, V, X05-4 
Duplex pumps, setting valves, V, x88-2 
Durability of gearing, V, 509-4 
Durability of tools, effect of temperature^ 

V, 435-^ 
Durability of wire rape, VI, 5264 
Duralum, I, 74-5 
Duralumin, H, 513-2 
Durana metal, influence of extrusion on, 

111,88-4 
Dusenbuxy ^Ue-casting marhine, II, 316-j 
Dust from grinding and polishing, ezhauM 

systems for, HE, 75-1 
Dust fuel, m, 2x8-4 
Dust on OQDcrete floors, preventing, m, 

157-J 
Dust, zmc-, VI, 566-5 
Dutdi oven boiler furnaces, I, 409-2 
Dutch process, making white lead, H, 216-j 
Dutch wheel, VI, 505-j 
Duty of steam pumps, V, X97-1 

record of, V, 197-4 
Duvezger file-cutting machine, m, xxz-4 
Dynamic halandng, I, 205-2; 205-4 

nafhhir for, I, 906-5 
Dynamic brakes (electric), I, 489-J 
Dynamic condensation, V, 56-5 
Dynamic control of motors, II. x88-J 
Dynamic dectridty, n, 527-2 
Dynamic hardness, m, 537-' 
Dynamic pressore, I, 385-2 
Dynamics, IV, 332-4 
Dynamo CD. C. generator), HI, 39^' 

definition, II, 513-5 

magneto, IV, 30X-2 
Dynamometers, electric, n, 517-4 

Siemens', m, X7-2 
Dynamometers, dectro-, m, 28-2 
Dynamometers, mechianical, n, 513-5 

absorption, definition, II, 5X3-4 

Alden brake, I, 60-5 

classification, II, 5x3-4 

cooling arrangements, II, 514-5 

differential gear type, n, 517-2 

electric generator used as, II, 5x6-4 

fan brakes, II, 5x6-5 

flexible-shaft type, II, 5x7-2 

indicators, de&ution, II, 5x3-4 

Prony brake, II, 5x3-4 

Prony brake applied to steam engine, VI, 

32-4 
Prony brake, simple type, VI, 32-2 

transmission, II, 513-4; 5x6-4 

water brakes, 11, 5x6-1 
Dynamometer type dectric measuring 

instruments. III, X7-1 
Dynamometer type frequency meters, m, 

22-4 
Dynamometer voltmeters, HI, 20-2 
Dynamometer wattmeters, m, 2x-5 
Dynamotor, II, 517-4; IV, 460-a 

definition, V, 531-2 

regulation, rules, V, 537-r 
Dyne, 11, 5x8-1 

EUrth, bearing capadty for foundations^ 

in, 209-r 
rare, thorium, VI, 233-1 



Earth, specific gravity, V, 400-r 

weight per cubic foot, V, 400-j 
Earth circuit, n, 518-r 
Earth's crust, composition, 11, 93-1 
Eastern hose thread, IV, 32-2 
Ebonite, heat expansjon, m, 54X-4 
Ebony asbestos wood, IV, 66-1 
Ebony, specific gravity, V, 399-J 

weic^ per cutdc foot, V, 399-r 
Ecoentiically-relieved cutters, grinding* II. 

288-1 
Eccentric arbor, making, n, 52X-5 
Eccentric boring head, II, 518-1 
Eccentric damping devices, II, X27-2 

for jigs, IV, X08-2 
Eccentric gears, II, 5x8-4; m, 64-x 
Ecoentridty, steam engine, VI, 388- J 

effect of changing, VI, 38X-X 
Eccentric-jaw and cam drill chuck, II, 

430-5 
oscillating, relieving attachment, V, 260-2 
Eccentric luston rings, V, 79-5 

Hii»^«»nmftT^«, V, 82-J 

faceplate for, V, 90-1 

triple type, V, 9X-2 
Eccentric rdief, of reamer teeth, V, 244-2 

of twist drills, n, 466-4 
Bccentric, ateam engine, VI, 7-r 

adjustment for lead, VI, $Sq-3 

double, VI, o-i 

position of, VI, 38^4 

position of, locomotive, VI, 406-j; 407-r 

throw, VI, 387-4 

turning locomotive, IV, 237-2 
Eccentric turning, n, 520-4 

attachment, n, 521-4 

fixture, design, II, 525-2 

fixture for boring mill, II, 523-2 

fixture for turret lathe, II, 522-1 
Echols thread, IV, 267-4 

for pipe taps, V, 54-J 
Economizers, II, 525-4 

in power plants, V, X35-J 

sted foundry, VI, 67-4 
Economy, steam engme, VI, a6-i 
Eddy-current, II, 526-5 

damping, electric instruments, m, 14-5 

in D. C. generator, m, 403-2 

in generator or motor, III, 2-2 
Edge an^, bevd gear, I, 353-5 
Edge diameter, internal bevd gears, I, 

354-^ 
Edge grinding madiines, m, 440-5 

Edger of drop-forging die, n, 484-2 
Edges on drawing dies, II, 406-4; 407-5 
Edgewise resistor, V, 264-4 
Edinol, devdoper, V, X7-2 
Edison-Lalande cell, I, 251-5 
Edison storage battery, I, 260-1 

containers, I, 260-5 

discharge, I, 261-4 

dectrodes, I, 260-1 

electrolyte, I, 260-2 

initial charge, I, 260-4 

installarion, I, 260-5 

left idle, I, 261-4 

rating, I, 260-4 

regular charge, I, 26^-1 

"t^)ering" charge, I, 261-2 
Edison wire gage, n, 526-5; VI, 5x0-2 
Education^ industrial, apprenticeships, I, 

107-5 

modem ideas, VI, 305-J 

trade schools, VI» 302-1 
Effective pressure, en^nes, VI, 4-2; 36-5 

mean, VI, 4-2 

mean, factors for finding, VI, 5-5 

mean, from indicator card, VI, 31-5 
Effective value, definition, V, 528-4 
Effldency, n, 526-5 

A. C. generator, m, 396-2 
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Efficiency, A. C. generator, standardiza- 
tion rules, V, S34-J 
A. C. motor, VI, 146-j 
air compressors, due to intercooUng, IV, 

70-4 
air compressors, mechanical, I, 45-7 
air compressors, volumetric, I, 44-4 
belt drives, I, 339-^ 
blowing engines, I, 392-1 
boiler joints, I, 439-5 
boiler ligament, I, 440-1 
boilers, calculating, I, 432-2 
centrifugal pumps, V, 206-2 
D. C. generator, in, 403-2 
D. C. motor, IV, 481-1; VI, 146-4 
electrical machines, V, 534-1 
electrical mft/'hini%B^ where measured, V, 

534-J 
files, ni. 1 25- J 

forging hammers, m, 502-j 

gas engine blowers, I, 392-2 

gas producers, HI, 3x5-2 

generators, VI, 59-j 

high-speed sted, IV, 6-2 

hydraulic ram, V, 210-4 

induction motor, IV, 467-4; VI, 146-j 

locomobile engine, VI, 29-3 

machine elements, HI, 215-4 

milling machine driving mechanism, IV, 

409-1 
milling machine feed mechanism, IV, 

408-4 
milling machine, qsquirements, IV, 408-j 
overhead cranes, II, 244-4 
pipe draw-bench, VI, 337-1 
pumps, mechanical, V, 197-1 
riveted joints, V, 270-4 
rope drive, 1, 33^2 
rotary blowers, I, 387-j 
silent chain, II, 69-1 
spiral bevel gears, V, 479-2 
spur gears V, 510-/ 
steam engines, VI, 59-2 
steam engines, mechanical, VI, 28-2 
steam engines, thermal, VI, 27-j 
steam engines, uniflow, VI, 30-2 
steam power plants, VI, 29-j 
steam turbines, VI, 60-2 
symbol, V, 529-4 
qmchronous converter, VI, 146-4 
Qynchronous motor, VI, 146-3 
transformers, standardization rules^ V, 

534-3 
water wheels and turbines, VI, 444-4; 

457-/ 

worm gearing, VI, 54^31 SS0-3 
Efkalin, H, 526-4 
Eggshell paper, II, 421-3 
Ehrhardt process, VI, 335-1 
Eikonogen, developer, V, 17-2 
Eikonogen hydrochinon, developer, V, 17-4 
Ejecting mechanism, die-castiDg dies, n, 

332-2 
Ejecting press work with air blast, V, 161-j 
Ejector condenser, n, 177-4 
Ejectors, die-casting machines, II, 320-4 
Ejectors, steam, priming with, V, 208-r 
Elastic cements, II, 37-3 
Elastic coupling, 11, 230-2 
Elastic grinding wheeb, IH, 473-3 
Blasticity, VI, 96-7 

limit of, VI, 96-2 

limit of, in testing materials, VI, 225-3 

modulus of, VI, 96-2 

modulus of, for metals, table, VI, 97-7 

modulus of, for phosphor-bronze, V, 

493-3 
modulus of, for spring brass, V, 493-3 

modulus of, for steel, V, 493-3 
torsional modulus for phosphor-bronze, 
V, 493-3 



Elasticity, torsional modulus for spring 
brass, V, 493-3 

torsional modulus for steel, V, 493-3 
Elastic Umit, VI, 96-2 

and ultimate strength, ratio of. III, 
92-2 

commercial, VI, 227-2 

determining by eztensometer, VI, 227-4 

effect of annealing on. III, 524-3 

in compression, by compressometer, VI, 
228-3 

in testing materials, VI, 225-3 

of malleable iron, IV, 310-3 

of manganese steel, IV, 323-2 

of riveted joints, V, 272-2 

of vanadium steel, V, 494-7 

with compound stresses, VI, 107-4 
Elbow, V, 44-3 

double-branch, V, 44-2 

drawing pattern for, V, 356-4 

drop, V, 44-2 

electric wiring conduits, VI, 534-2 

heel outlet, V, 43-7 
Electric abbreviations, V, 529-3 
Electric accidents, I, 12-7; III, 26-3 
Electric accumulators, I, 13-7 ' 

storage batteries, I, 253-4 
Electrical, see " Electric" 
Electric arc, VI, 484-2 
Electric batteries, primary, I, 248-4 

storage, I, 253-4 
Electric blowpipe welding, VI, 484-7 
Electric blueprinting machines, I, 392-4 
Electric brakes, I, 488-3 
Electric bums. III, 27-3 
Electric cam-testing fixture, I, 550-2 
Electric cells, primary, I, 248-4 

storage, I, 253-4 
Electric center grinder, IV, 169-3 
Electric circuit-breakers, II, 115-2 
Electric circuits, n, 533-3 

alternating, II, 541-2 

protection, switchboard equipment, VI, 

150-3 
Electric coal-cutters, IV, 439-2 
Electric coatings, Schoop process, V, 318-4 
Electric condenser, II, 180-4 

Leyden jar, IV, 203-3 
Electric conductivity, II, 183-4 
Electric conductors, II, 183-4; VI, 310-4 

corona, VI, 316-2 

Kelvin's law, IV, 144-2 

sages of, VI, 321-4 
Electric connections, hydraulic power 

plants, V, 146-3 
Electric controlling devices, II, 185-3 
Electric cranes, 11, 242-3 

hbtory, II, 255-3 
Electric current, II, 527-3 

alternating, 11, 536-2 

changing alternating to direct, rectifiers, 
V, 248-7 

eddy, II, 526-3 

for copper refining, m, 35-3 

for electroplating. III, 42-7 

for gold refining, III, 40-2 

for lifting magnets, IV, 206-2 

for soldering, V, 395-3 

Foucault, n, 526-3 

galvanometer for detecting, m, 282-2 

measuring by chemical effect, HI, 15-3 

measuring by magnetic effect. III, 15-3 

measuring by thermal effect. III, 19-7 

measuring instrument, in, 15-2 

transmission, VI, 310-4 
Electric cycle, V, 528-4 
Electric degree, 11, 304-3; V, 528-4 
Electric dredges, IV, 439-3 
Electric drive (see also "Electric motor 

drive"), IV, 433-4; 441-3 
Electric dynamometers, II, 517-4 



Electric Engineers' standardization rule?, 

V, 528-2 
Electric equivalent of horsepower, IV, 31-4 
Electric furnace process for producing 

alozite, I, 83-2 
Electric furaaces, m, 240-4 

advantages, m, 251-4 

arc. III, 241-7 

Daily, m, 254-3 

blast. III, 246-2 

brass melting, m, 255-3 

electrometals. III, 244-2 

for determining critical points, m, 522-3 

general principles. III, 240-4 

Girod, in, 243-4 

hardening, III, 249-2 

hardening, barium-chloride in, I, 246-4 

Hdroult, ni, 243-2 

Hoskins, III, 252-4 

induction. III, 247-7 

Kjellin, III, 247-2 

operating costs. III, 252-2; 253-4 

operation. III, 245-4 

oven-type. III, 253-2 

producing carborundum in, 11, 1-7 

Rennerfelt, III, 241-4 

resistance, Til, 248-3 

ROchling-Rodenhauser, in, 347-4 

salt bath, ni, 249-7 

Stassano, m, 241-2 

steel foundry, VI, 68-4 

steel melting, m, 248-j 

zinc smelting, in, 255-2 
Electric fuses, ni, 265-3 
Electric generators, n, 531-3 

altemating<urrent, in, 388-4 

classes of, n, 532-2 

compared with motor, n, 532-3 

direct-current, O, 398-7 

double-current, in, 405-7 

dements, n, 532-7 

induction, in, 405-2 

inductor. III, 405-4 

magneto, IV, 301-2 

principle, II, 531-3 

used as dynamometer, n, 516-4 
Electric hoists, IV, 27-4 
Electric ignition systems, gas and oil en- 
gines, m, 289-4 
Electric induction, IV, 57-3 

instrument for measuring, IV, 57-4 

unit of, m, 543-4 
Electric instrument cases, grounding. VI. 

146-2 
Electric instruments, measuring, in, 13-2 
Electric insulation, IV, 59-4 

ambroin, I, 91-2 

asbestos, IV, 65-4 

celluloid, n, 35-3 

cements, IV, 68-7 

classification, IV, 62-3 

doth, IV, 66-2 

compounds, impregnating, IV, 67-4 

compounds, molded, IV, 64-4 

compounds, sealing, IV, 67-4 

condensite, II, 183-3 

copal, II, 204-7 

dielectric, n, 342-4 

effect of temperature, IV, 61-3 

enamds, IV, 67-3 

fiber, m, 109-4; IV, 66-3 

fireday, IV, 64-2 

galalith, in, 279-2 

glass, IV, 64-2 

glazes, IV, 68-7 

insulating value, IV, 60-4 

japans, IV, 67-3 

jute, IV, 143-4 

lacquers, IV, 67-4 

lifting magnet, IV, 208-7 

liquids, IV, 67-7 
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Electric insuIaticMi, Ktholite, IV, 211-2 

marble, IV. 63-2; $26-3 

mica, IV, 62-4 

micarta, IV, 358-j 

minerallac, IV, 409-2 

oils, IV, 67-r 

painta, IV, 67-j 

paper, IV, 6^/ 

physical properties, IV, 62-j 

porcelain, IV, 63-5 

rubber, IV, 64-j 

rubber sheets, IV, 63-4 

selection, IV, 60-5 

sheet materials, IV, 65-j 

slate, IV, 63-2 

soapstone, IV, 63-2 

stickers, IV, 67-4 

tests, IV, 60-J 

thickness, IV, 61-J 

varnishes, IV, 67-2 

vitreous enamels. IV, 68-1 

wood, IV, 62-4 
Electricity, n, 537-1 

altemating-current circuits, II, 541-2 

altemating currents, n, 536-2 

ampere, n, 532-4 

batteries, primary, I, 248-4 

batteries, storage, I, 353-4 

capacitance, n, 539-5 

circuits, II, 533-J 

condenser, n, 54^^ 

condensive reactance, n, 54^4 

conductors, II, 183-4; 537-j 

coulomb, n, 532-4 

current, 11, 527-j 

dynamic, IE, 527-2 

electrochemical equivalent, II, 536-1 

electrolytic action, n, 535-2 

dectrolytic cells, I, 248-4 

electromagnets, II, 539-^ 

electron theory, II, 527-4 

flux and current conventions, II, 

S30-4 
generators, A. C, m, 388-4 
generators, D. C, III, 398-1 
generators, principle, II, 531-i 
harmom'c in, HE, 540-4 
heating furnaces with, m, 231-r 
hysteresis, II, 530-3 
impedance, II, 538-2 
inductance, 11, 538-j 
induction, II, 536-3 
inductive reactance, 11, 538-2 
insulating materials, IV, 59-4 
insulators, II, 537-3 
joule, 11, 534-4 
Kirchhoff *s laws, II, 533-4 
lighting, n, 544--3 
line loss, II, 534-4 
magnetism, II, 528-2 
magnetization curves, 11, 530-2 
motors, A. C, IV, 462-3 
motors, D. C, IV, 474-' 
motors, principle, n, 531-2 
ohm, II, 533-4 
Ohm's law, II, 533-4 
potentiometer, 11, 533-4 
power, II, 534-' 
power factor, II, 538-4 
resistance, 11, 533-' 
rheostats, n, 534-2 
static, n, 527-2; 53S-' 
storage cells, I, 253-4 
transformation, II, 539-' 
transmission, VI, 310-4 
unit pole, VI, 374-4 
units, II, 532-4 
volt, n, 533-4 
voltaic cells, II, 535-3 
watt, n, 534-' 
Wheatstone bridge, II, 534-/ 



Slectric lunpt, II, 544-4 

arc, n, 547-4 

arc, carbon, 11, 548-r 

arc, flame, II, 548-4 

arc, luminous, n, 549-1 

arc, operating mechanism, II, 549-2 

carbon-filament, n, 545-2 

classification, n, 544-4 

Cooper Hewitt, IV, 347-2 

Gem, n, 545-3 

history, 11, 544-2 

incandescent, II, 545-J 

incandescent, bulbs, II, 547-2 

incandescent, comparison between types* 
n, 546-4 

incandescent, efficiency, 11, 546-2 

incandescent, frequency, 11, 547-2 

incandescent, life, n, 546-2 

incandescent, rating, II, 546-2 

incandescent, size, n, 546-4 

incandescent, temperature, n, 546-x 

incandescent, voltage, II, 546-4 

Magna, IV, 287-j 

Mazda, II, 545-2 

mercury-vapor, n, 550-4; IV, 347-' 

metallized-filament, 11, 545-3 

Moore tube, 11, 551-1; IV, 430-4 

neon vapor, IV, 431-2 

Nemst, n, 550-3; IV, 487^ 

osmium, II, 545-3 

quartz tube, IV, 347-4 

spacing, n, 554-2 

tantalum, II, 545-3 

tungsten, II, 545-4 

vapor, n, S50-4 
Electric Light Association wire gage^ VI» 

510-2 
Electric lighting, n, 544-2 

arc lamps, n, 547-4 

candlepower, I, 556-2 

carbon-filament lamps, 11, 545-2 

classification of illuminants, II, 544-4 

constant current, n, 552-2 

direct-current series circuits, 11, 553-3 

direct lighting, n, 553-3 

illumination, n, 553-/ 

incandescent lamps, n, 545-r 

indirect lighting, 11, 553-3 

Jablochkov, If, 544-2 

mercury-vapor lamps, II, 550-4 

metallized-filament lamps, n, 545-3 

Moore tube, n, 551-/; IV, 430-4 

Nemst Umps, II, 550-3 

osmium lamps, n, 545-3 

power supply, II, 551-2 

semi-indirect lighting, n, 553-3 

spacing of himps, II, 554-2 

tantalum lamps, n, 545-3 

tungsten lamps, n, 545-4 

vapor lamps, 11, SS^4 

wiring, 11, 551-3 
Electric machines, n, 53r-2 

A. C. generators, III, 388-4 

A. C. generators, operation, m, 4-3 

A. C. motors, IV, 462-3 

A. C. motors, operation, m, 6-2; 7-4 

classification, V, 531-2 

converters, synchronous, II, 191-3 

converters, synchronous, operation, m, 

11-4 
D. C. generators, m, 398-j 
D. C. generators, operation, III, x-i; 3-4 
D. C. motors, IV, 474-2 
D. C. motors, operation, m, i-r; 3-3 
double-current generators. III. 405-1 
induction generators, III, 405-2 
induction motors, operation. III, 7-4 
inductor, generators, III, 405-4 
life of, II, 305-3 
losses in, V, 535-1 
operation. III, i-r 



Electric machines, phase-advancer, V, 10-3 
phase-converter, V, 11-3 
standardization rules, V, 533-3 
static, definition, n, 527-2 
synchronous motors, operation, m, 6-2 
transformers, VI, 305-3 
transformers, operation, m, 9-1 

Electric measuring instnunents, m, 13- 

'; V, 533-' 

accuracy. III, 14-4 

ammeters, in, 15-2 

ampere-hour meters, in, 33-4 

classification. III, 13-2 

controlling forces. III, 13-4 

current-measuring, HI, 15-2 

damping, in, 14-2 

D'Arsonval galvanometer, m, 16-3 

demand indicators. III, 26-2 

dynamometer, Siemens', m, 17-2 

dectrodynamometer. III, 17-2 

errors, HI, 14-4 

frequency meten, HI, 33-3 

galvanometers. III, 15-4 

galvanoscopes, in, 15-4 

induction type, in, T8-4 

Kelvin balance, ni, 18-1 

life of, n, 305-3 

measurement by chemical effect, HI, 15-3 

measurement by magnetic effect. III, 15-3 

measurement by thermal effect, ni, 19-2 

moving-coil dynamometers, UI, 17-1 

moving-coil permanent magnet, in, 16-2 

moving-iron type, ni, 18-2 

ohmmeter, in, 35-3 

oscillographs, III, 26-2; IV, 508-4 

potentiometer, in, 25-4 

power, in, 21-2 

power factor, ni, 22-x; 22-2 

principles of operation, UI, 13-3 

pyrometers. III, 26-1; V, 221-3 

quantity and energy, HI, 23-3 

reading results, manner of, lU, 14-j 

leoording, in, 23-r 

required for electroplating, HI, 42-2 

resistance, ni, 25-2 

standardization rules, V, 533-2 

synchroscopes, IH, 25-x 

tachometer, IH, 26-/ 

voltage measurements by electrostatic 
effect, in, 20-4 

voltage measurements by magnetic ef- 
fect, m, 20-2 

voltage measurements by thermal effect, 
in, 20-3 

voltage measuring, in, 19-3 

volt boxes, m, 26-1 

watt-hour meters, in, 24-r 

wattmeters, ni, 21-3 
Electric meters, see "Electric measuring 

instruments" 
Electric motor drive, IV, 433-4; 44^-3 

air compressors, IV, 434-r 

cranes, n, 243-4; IV, 434-3 

fans and blowers, HI, xo8-i 

machine tools, IV, 441-3 

mine hoists, IV, 436-2 

planers, V, xoo-4 

pumps, V, 208-3 

rolling mills, V, 284-4 

safety precautions, I, ix-j 

slotters, V, 384-4 

woodworking machinery, IV, 439-4 
Electric motors, H, 531-2 

altemating-current, IV, 462-j 

applications (see also "Electric motor 
drive"), IV, 433-4 

commutating, IV, 472-4 

controllers used for different types, n, 
190-3 

current taken by, table, VI, 534-x 

direct-current, IV, 474-2 
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Electxk motore, mductionp IV, 462-4 

pnadsAes, n, 531-2; IV, 476-4 

rating, V, S34-' 

lepulaion-induction, IV, 474-j 

supports for, IV, 453-3 

synchronous, IV, 471-a 
Electric ovens for japanning, IV, 95-4 
Electric overhead cranes, n, 242-3 
Electric period, V, 528-4 
Slactric power ^uits, V, 129-a 

hydro-, V, 143-J 

steam, V, 130-1 

substations, V, 147-4 

switchboards, VI, 139-3; 152-3 

windmill drive, VI, 506-4 
Electric power, unit of, n, 534-2 
Electric pyronieters, HI, 26-1; V, 217-^ 

characteristics, V, 219-2 
Electric relays, V, 249-2 
Electric resistance, IV, 501-4 

manganese steel, IV, 324-4 

pyrometers, V, 217-4; 219-2 

wire, platinoid, m, 412-2 

wire, therio, VI, 232-5 
Electric riveters, V, 267-4 
Electric rock drflls, IV, 439-2 
Electric screens to prevent electrtdysis, 111, 

30-4 
Electric shock, 1, 12-5; m, 26-j 
Electric sfaovds, IV, 439-2 
Electric sddering, V, 394-4 

current required, V, 395-3 ^ 

fluxes, V, 397-^ 

marhine for, V, 396-2 
Electric itandardfaation rules, V, 528-2 

abbreviations, V, 529-5 

cables, V, 537-^ 

conductivity, copper, V, 538-a 

conductors, sizes, V, 538-x 

current, V, 528-3 

efficiency, V, 534-2 

electrical machinery, classification, V, 

S3I-* 

electrical machinery, standards, V, 533-4 

electromotive force, V, 528-j 

instruments, V, 533-2 

b"es, V, 534-2 

losses, dasstfication, V, 535-1 

losses in rotating machinery, V, 535-4 

fesses in transformerB, V, 536-j 

losses, main, to be considered, V, 535-J 

meters, V, 533-2 

motors, speed daasification, V, 532-2 

power, V, 528-3 

regulation, V, 536-4 

rotating machines, daasification, V, 53 z-^ 

stationary induction apparatus, V, 

532-4 

qrmbols, V, 529-5 

transformers, V, 532-4 

wires, V, 537-2 
Electric sted, VI, 62-4 

in sted foundry, VI, 68-5 
Electric storage batteries, I, 253-4 
Electric surface gage, VI, 127-2 
Electric switchboards, VI, 139-3 
Electric switches, air-break, VI, 155-2 

ofl, VI, x66-2 

thermo-dectric pyrometers, V, 222-4 
Electric symbols, V, 529-5 
Electric tachometers, m, 26-j; VI, 179-4 
Electric tests of insulation, IV, 60-1 
Electric transfer instruments, m, 17-2 
Electric transformers, VI, 305-5 

outdoor substations, VI, 120-1 
Electric transmission lines, VI, 310-4 
Electric transmission, Thury system, VI, 

287-4 
Electric units, V, 529-3 
Electric variable-q)eed transmission, VI, 

43S-X 



Electric welding, VI, 483-x 
aluminum, I, 88-2 
arc, VI, 498-2 

arc, apparatus used, VI. 499-2 
arc, Bernardos, VI, 484-5 
arc, character of welds, VI, 501-4 
arc, cost of, VI, 502-z 
arc, protection of operator, VI, 501-j 
arc, Strohmenger-Slaughter, VI, 485-x 
arc-wekling operation, VI, 500-2 
arc, Zerener, VI, 484-1 
butt-wdding machines, VI, 486-2 
butt-wdding, preparing work, VI, 488-j 
butt-wdding thin stock, VI, 489-4 
chain, 11,46-4 

clamping jaws, arrangement, VI, 489- 1 
clamping jaws, projection of work, VI, 

488-3 
compared with foige welding, VI, 492-2 

cost of machines, VI, 494-5 

cost of operation, VI, 494-2 

current required, VI, 493-4 

diwamilar metals, VI, 491-1 

high-speed steel, IV, 5-2 

incandescent, VI, 483-2 

LaGrange-Hoho, VI, 485-2 

machines for, VI, 486-2 

metals that can be welded, VI, 490-5 

percuadon welding, VI, 484-j; 496-4 

point welding, VI, 496-2 

projection wdding, VI, 496-2 

reliability of wdds, VI, 493-2 

resistance, VI, 232-4; 483-2 

redstanoe, early devdopments, VI, 485-4 

resistance, machines, VI, 486-r 

resistance, prindples, VI, 485-2 

ridge wdding, VI, 496-5 

seam wdding, VI, 496-5 

spot welding, VI, 495-' 

spot wdding machines, VI, 495-4 

spot welding, time and current, VI, 495-3 

spot-wdds, strength, VI, 496-j 

strength of wdds, VI, 493-'! 49^-' 

systems, VT, 483-r 

Thomson, VI, 232-4; 483-2 

time required, VI, 493-3 

tubing, VI, 488-2 

T-wd(Bng, VI, 489-4 
Electric wire gage, Edison, n, 526-5 
Electric wire measurement (drcular mil}, 

n, 121-5 
Electric wire molding, colon for, V, 36-1 
Electric wire sizes, II, 533-2 
Electric wiring, for motor-driven machines, 
VI, 532-2 

for power plant, V, 14 1-4 
Electrochemical deaning bath, HE, 27-4 
Electrochemical equivalent, 11, 536-1 
Electrochroma, n, 168-5 
Electrodes, in, 28-2 

arc wdding, VI, 500-1 

arc wekiing, holders for, VI, 499-4 

arrangement, for dectroplatixig, EH, 42-5 

Bernardos welding process, I, 350-r 

definition, II, 535-3 

furnace, protective coating for. III, 

246-4 

in alkaline batteries, I, 260-j 

in lead batteries, I, 254-5 

in primary batteries, I, 249-r 

in storage batteries, I, 253-4 

zincopolar, VI, 568-4 
Electrodynamic induction, IV, 57-5 
Electrodynamometer, m, 28-2 

reflecting, HI, 17-2 
Electrodynamometer-type measuring in- 
struments, m, 17-2 
Electro-galvaniring, III, 46-5 

testing work, HI, 47-r 
Electrolysis, electrolytic corrodon. III, 28-5 

sdf-corrosion, m, 29-2 



Electrolysis methods of mitigation, m, 
28-5; 32-4 
applicable to pipes, in, 30-j 
applicable to railway negative return, 

m, 31-5 

review of methods, m, 29-5 
Electrolyte, n, 535-5 

circulation of, in copjpa refining, m, 33-4 

for aluminum production, I, 86-2 

for copper refining, m, 33-5 

in alkaline batteries, I, 260-2 

in lead batteries, 1, 255-r 

in primary batteries, I, 249-r 

in storage batteries, I, 253-4 
Electrolsrtic action, II, 535-2 
Electrolytic ampere-hour meters, m, 23-4 
Electrolytic cells, I, 248-4 

for oxygen production, IV, 51 1-2 
Electrolytic copper refining, U, 206-5 

Hoepfner process, IV, 26-r 
Electrolytic corrodon, HI, 28-5 
Electrolytic etching, IV, 356-1 
Electrolytic lightning arrester, IV, 209-4 
Electrolytic method, of detinning, II, 305-5 

of tar predpitation, III, 310-5 
Electrolytic oxygen plant, IV, 511-4 
Electrolytic process, Ehnore, HI, 55-4 
Electrolytic process, for making tubes, VI, 

339-4 

for producing aluminum, I, 85-4 

for producing oxygen, IV, 509-4; 51 1-2 

of deaning metals, m, 27-4 
Electrolytic refining of metala, m, 33-2 

copper, m, 33-3 

copper, anode mud, m, 34-4 

copper, cost, m, 37-1 

copper, current used, m, 35-5 

copper, dectrolyte, ID, 33-5 

copper, Hajrden system, HI, 36-2 

copper, multiple system, HI, 35-1 

copper, refining plant. III, 35-4 

copper, series system, m, 36-2 

o^iper, systems. HI, 34-4 

copper, tubes, sheets, and wire, m, 37-j 

goM, ra, 39-4 

Iron, m, 40-4 

lead, m, 40-5 

diver, m, 38-5 

sflver, Balbach-Thum cdl, HI, 39-2 

silver, Dietzd process, m, 38-5 

silver, Moebius cdl, HI, 39-1 

diver, refineries, in, 39-5 

anc, Hoepfner process, IV, 26-r 
Electromagnetic hardness testing instru- 
ment, m, 539-4 
Electromagnetic induction, IV, 57-5 
Electromagnetism, laws of, H, 529-4 
Electromagnets, H, 529-2 

flux of, H, 529-4 

material for, IV, 291-5 

unit of measurement, H, 529-5 
Electrometallurgy, HI, 41-/ 
Electnxnetals furnace, IH, 244-2 
Electrometer, HI, 41-5 
Electromotive force, H, 527-4 

counter, H, 225-5 

generating, IV, 476-2 

in induction motors, IV, 463-5 

standardization rules, V, 528-5 

symbol, V, 529-5 

units of, H, 532-4 
Electron alloy, I, 74-4 
Electron theory, H, 527-4 
Electroplating, HI, 41-4 

aluminum, HI, 43-5; 47-4 

arrangement and equipment of plating 
establishments, HI, 42-r 

brass, HI, 46-j 

bronze, HI, 46-2 

cobalt, H, 147-x; ni, 44-4 

copper, IH, 45-5 
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Electroplating, <fie-cuting9, m, 4^1 
electrolytic deaning. III, 43-4 
efectrotyping, in, 49-a 

lor colon, II, 168-5 

gahnuit process, m, 280-1 

gold, m. 47-« 

iron, m, 45-r 

metal deposited per ampere-liaur, m, 42-3 
nidLel, ni, 44-2 
nickd, blade, m, 44-5 

palladium, IQ, 47-4 

pickling baths, in, 4$'2 

platinum, m, 47-J 

prqparing woric, m, 42-4 

silver, m, 47-1 

solutioas, in, 42-3 

qwtting out, in, 44-r 

tin, m, 45-^ 

sine, in, 46-3 

dno^aDpy die-castings, m, 48-J 
Electroscope, m, 49-2 
Electrostatic capadty, V, 531-r 

symbol, V, 539-4 
Electroetatic dSect, measuring voltage by, 

m, 30-4 
Electrostatic fidd intensity* symbol, V, 539-5 
Electrostatic fiuz density, symbol, V, 539-5 
Electrostatic flux, symbol, V, 539-5 * 
Electrostatic forces, n, 535-J 
Electrostatic ground detector. VI, 148-2 
Electrostatic induction, IV, 57-5 
Electroetatic voltmeters, in, 30-4 
Electro-thennal method of testing strength, 

VI, 252-2 
Electrotype metal, 1, 71-5 
Electrotyping, m, 49-« 
Electrum, m, 412-2 
Elements, chemical, II, 92-4; 94-r 

atomic weights, n, 94-1 

classification of, n, 97-r 

melting points* IV, 335-r 

oymbdb, n, 94-r 
Elephant-size ^wing paper, n, 431-/ 
Elevator rope, m, 49-5 
Elevators, bucket, n, 203-5 
Elevators^ frdght, worm gearing, VI, 549-/ 
Elevators, safety requirements, I, 11-4 
Elgin watch screw thread, VI, 375-1 
Elianiteb m, 49-4 
Ell, in piping, V, 44-3 

branch, V, 43-r 

service, V, 45-2 

street, V, 45-2 

union, V, 45-4 
Enipae, in, 49-4 

equation for, I, 93-5 

geometrical construction, in, 41Z-2 

''hoDow," moment of inertia, I, 367-1 

''hollow," radius of gyration, I, 367-1 

"hoDow," section modulus, I, 267-x 

mensuration, IV, 340-5 

moment of inertia, I, 267-r 

prindples of, m, 50-2 

radius of gyration, I, 367-r 

section modulus, I, 367-1 

segment, center of gravity, m, 430-r 
Ellipsograph, m, 49-4 
Ellipsoid, m, 50-1 

mensuration, IV, 344-4 

moment of inertia, IV, 58-4 

of revolution, IV, 345-1 

segment of, center of gravity, m, 431-2 
Elliptic chucks, n, 114-5 

designating aze, IV, 385-4 
Elliptic gears, m, 50-r 

forming the teeth, m, 53-2 

half-dliptic m, 53-4 
half-elliptic, laying out, m, 53-4 

laying out. III, 50-5 
prmdi^e, m, 50-2 
spacing the teeth, m, 51-2 



Elliptic shapes, blanks for drawing, II, 

417-2 
ElfiptJc springs, V, 492^4 

formulas, V, 493-4; 494-r 
Elliptic turning and boring, m, 54-4 
EUis process for making armor plate, 1, 136-/ 
Ehn, as fuel, m, 319-2 

coeflSdent of friction m brakes, I, 480-5 

qpedfic gravity, V, 399-' 

weight of oord, V, 401-1 

weight per cubic foot, V, 399-1 
Ebnore process, m, 55-4 
Elongation, VI, 96-5 

determining, VI, 227-5 
Bmbotaing, m, 56-1 

dies, description, n, 366-r 

dies, forcer for, m, 174-2 

dies, lettering, V, 538-j 

presses, V, 151-1; i53-4 

type, V, 537^ 
Emery, m, 56-2 

cake, V, 135-5 

Chester, m, 56-5 

doth, grades of, I, 3-5 

flour, IV, 163-J 

for lapping, IV, 166-4 

l^azos, n, 319-4; m, 56-5 

sptdBc gravity, V, 400-1 

testing machine for, VI, 336-2 

Turkish, 11^, 56-5 

weight per cubic foot, V, 400-1 
Emery wheela (see also " Grinding wheda")* 

ni,47i-^ 

cadiaust ayatem, m, 75-1 

hoods or guards, V, 304-5 

horsepower reqi^red, IV, 452-j 

mounting, V, 304-4 

radius of gyration, m, 490-r 

safeguarding, I, 10-4 
Empbyer and employes patent rights, IV, 

529-2 
Employes in machine trades, IV, 270-2 
Enamd, bitumastic, I, 373-5 

electric insulating, IV, 67-5; 68-r 

japan-, IV, 95-5 
Enamded slate, VI, 142- / 
Enamded wire, IV, 67-5 
Enameling, m, 56-5 

doth finish, m, 135-5 

furnace, m, 338-4 

process, radio-, in, 57-r 
Enamdite, m, 57-1 
Endoaed electriad machine, definition, V, 

533-5 
End-driving dog, n, 395-4 
End-fired furnace, ITT, 231-2 
Endless bdt flexible coupling, n, 331-5 
End-measuring rods for testing snap gages, 

m, 271-5 
End milling, IV, 401-1; 403-r 
End miUmg machine, V, 105-r 
End-mills, IV, 367-4; 378-2 

cutting spiral grooves with, IV, 408-1 

^agram of feed of, n, 306-5 

for milling spiral gears^ m, 546-2 

refluting, n, 290-2 

sharpening, n, 289-2 
End-packed pump, V, 192-x 
Energy, m, 57-J 

conservation of, m, 58-j 

examples of kinetic and potential, VI, 

37-« 
in chemistry, II, 97-4 

Idnetic, m, 57-4 

of a blow, I, 392-2 

potential. III, 57-5 

aymbol, V, 529-4 
Energy component, V, 529-2 
Energy loss, conductors, VI, 312-2; 314-4 

voltage regulation for given, VI, 314-4 
Engineering artides, writing, I, 126-4 



Engineering education, modem ideas, Vi; 

305-J 
Engineering Standards Committee^ screw 
heads, V, 338-2 

work on screw threads, VI, 369^ 
Engineer's chain, VI, 139-2; 133-2 
Engine lathe, IV, 170-/; 170-5 

aligning centers* IV, 11(3-4 

amcmbling, I, 135-2 

boring in, IV, X55-Z 

boring tools for, I, 457-4 

chuck work, IV, 184-5 

cylindrical turning, IV, 181-4 

designating size, IVr 177-j; 384-2 

drilling in, IV, 185-4 

drivers and dogs, IV, 184-2 

facing work square in, IV, 183-1 

front and rear tools, use of, IV, 187-4 

holding work on faceplate, IV, 186-5 

horsepower, IV, 451-5 

motor drive, IV, 450-j 

multiple stops, IV, 175-4 

operation of, IV, 180-2 

parts of, IV, 170-4 

plam, IV, 170-2 

position of turmng tools, IV, 183-2 

reaming in, IV, 185-4 

roughing and finishing cuts, IV, 183-7 

setting work in chuck, IV, 1864 

spherical turning, V, 445-r 

standard, IV, 170-2 

taper attachment, VI, 183-5 

taper turning, VI, 181-5 

turning tools, IV, 180-5 
Engine room piping, V, 56-1 
Engines (see also "Engines, steam") 

air, I, 51-5 

air, compressed, I, 52-1 

atmospheric, I, 150-r 

blast-fumaoe gas, I, 381-4 

blowing, I, 3^4-2; 390-5 

Diesel, n, 370-5 

gas and oil, m, 282-5 

gas, blowing, I, 393-/ 

gas, cylinder lubrication, IV, 246-5 

gas, ignition, IV, 302-4 

gas, life of, II, 305-5 

gasoline, in, 282-5 

gasoline and heavy oil compared, m, 

290-4 
gasoline, flash-point of oil, IV, 249-2 
gasoline, operating troubles, III, 304-j 
gas, piston allowances, V, 79-/ 
gas, typical. III, 291-2 
hot-air or heat, I, 51-5 
internal combustion, in, 282-5 
internal combustion, flywheds for, m, 

169-r 
internal vaporizer type, m, 291-2 
naphtha, IV, 486-4 
oil, m, 383-5 
on, typical, m, 293-4 
oO, vaporizers for stationary, m, 389-r 
Otto, compared with Diesd, n, 374-^ 
paraffin, IV, 533-4 
Eni^es, steam, VI, i-r 
angle compound, VI, 34-5 
atmospheric line, VI, 4-5 
automatic, setting valves, VI, 394-5 
automatic stops, VI, 31-1 
bearings, allowable pressures, I, 3x0-2 
bearings, lubrication, IV, 346-2 
boiler power, I, 422-5 
dearance, VI, 4-1; 5-4 
compound, VI, 34-2; 36-4 
compression, VI, 3-4 
condensers, n, 175-2 
condensers, heat loss in, VI, 39-2 
condensnig, diange in valvfr4etting for, 

VI,399-x 
oondenain& effect of, VI, 28-5 
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Engjiies, steam, connecting-rods, VI, 15-4; 

Corliss, VI, 23-2 
Corliss, dashpots, VI, 1S-2 
Corliss, valve, VI, ix-2 
crank-arm, formula, VI, 35-j 
crankpin, formula, VI, 35-2 
cross-heads, VI, is-j; 35-4 
cross-heads, laying out, IV, 190-4 

cut-off, VI, 3-j; S-4 

cylinder, cast iron for, n, 280-3 

cylinder, formulas, VI, 34-2 

cylinder heads, formulas, VI, 34-4 

cyUnder, lubrication, IV, 346-2 

cylinder oil, selecting, IV, 350-1 

cylinder wall, formulas, VI, 34-4 

dashpots, VI, x&-2 

depreciation, II, 305-2 

design, formulas for, VI, 34-2 

diagram, construction, VI, 4-3 

eccentric, VI, 7-1 

economy, VI, 36-r 

efficiency, VI, 59-2 

efficiency, locomobile type, VI, 39-j 

efficiency, mechanical, VI, 2^-2 

efficiency, steam power plant, VI, 29-r 

efficiency, thermal, VI, 27-j 

efficiency, uniflow, VI, 30-2 

flywheel, calculation, m, 167-5; VI, 35-4 

flywheel, cast iron for, II, 280-5 

flywheel, object of, m, 160-5 

flywheel rims, m, 168-2 

for electrical purposes, VI, 36-1 

four-valve, setting valve, VI, 414-4 

friction load, determining, VI, 33-r 

governors, VI, 18-4 

horsepower, VI, 5-1 

horsepower, measuring, VI, 32-2 

indicator, VI, 30-4 

indicator card, VI, 31-2 

indicator, manograph, IV, 326-1 

life of, n, 305-5 

locomobile type, VI, 29-5 

losses, principal, VI, 29-5 

mean effective pressure, from indicator 

card, VI, 31-5 
multiple-expansion, VI, 26-4 
packing, IV, 518-2 
piston, VI, 14-5 
piston allowances, V, 79-j 
piston, formulas, VI, 34-5 
piston rings, V, 79-3 
piston rings, cast iron for, II, 280-5 
piston-rod, formula, VI, 35-1 
piston-rod packing, VI, 21-5 
piston speed, VI, 5-4 
piston, thickness, VI, 35-r 
piston valve, VI, lo-r 
planimeter for indicator card, VI, 33-1 
point of release, VI, 3-4 
pressure, back, VI, 4-2 
pressure, effective, VI, 4-2 
pressure, initial, VI, 4-1; 5-4 
pressure, mean effective, VI, 4-2 
pressure, terminal, VI, 4-2 
principle, VI, 1-4 
Prony brake applied to, VI, 32-2 
rating, VI, 5-' 

ratio of expansion, VI, 3-5; 27-5 
rotary, VI, 24-4 
safety stops, VI, 21-1 
selection, VT, 25-2 
shaft governor, VI, 20-r 
slide valve, VI, 6-5 

speed, regulating by governor, VI, 400-j 
steam consumption, I, 422-4; VI, 27-5 
steam consumption, determining, VI, 33-2 
steam jacketing, VI, 26-5 
steam ports, VI, 34-4 
stuffing-boxes, VI, 21-5 
superheated steam, VI, 26-5; 122-1 



Engines, steam, testing, VI, 30-5 

transforming heat into work, VI, i-r 

triple-expansion, VI, 36-4 

type^ VI, 33-4 

types, comparison of, VI, 35-5 

uniflow, VI, 13-4; 39-4 

valve, Corliss, VI, 11-2 

valve diagrams, VI, 378-2 

valve, double-ported, VI, 10-2 

valve-gear, VI, 8-2 

valve, gridiron, VI, ii-i 

valve mechanism, fimction of, VI, 378-5 

valve, Meyer, VI, ii-i 

valve, piston, VI, lo-r 

valve setting, VI, 387-2 

valve, slide, VI, 6-5 

valves, special, VI, 13-5 

valve stem, formula, VI, 35-5 

valves^ types, VI, 6-5 

woA diagram, VI, 3-2; 3-5 

wrist-pin, formula, VI, 35-4 
Engler's viscometer, IV, 848-5 
English and metric conversion table, VI, 

465-5 
English gear-bronze, I, 70-4; 5x8-2 
English legal standard wire gage, VI, 5x0-1 
English music wiro gage, VI, 509-5 
EngKah oak, as fuel, m, 3x9-2 
English pipe taps, V, 53-4 
English rope transmission, V, 393-2 
English transmission splice, V, 390-4 
English wire gage, old, VI, 5x0-1 
Engraving, m, 58-5 

automobile tire molds, m, 63-2 

cdn and medal dies, n, 358-2 

concave surfaces, m, 60-2 

conical surfaces, HI, 60-r 

convex surfaces, HI, 60-2 

cutters for, m, 6x-2 

cylindrical surfaces, m, 60-r 

machmes, m, 58-5 

speed of. III, 60-4 

steel type, V, 537-2 

tools. III, 60-r 

tools, steel for, II, 374-2 
Engraving machines, m, 58-5 

automobile tire mold. III, 63-2 

cutters for, m, 6x-2 

for concave or convex surfaces, HI, 60-2 

for conical surfaces, m, 60-j 

for cylindrical siufaces, III, 60-1 

for irregular unpressions. III, 62-4 

for manufacturing operations, m, 63-2 

Gorton, m, 60-5 

pantograph type. III, 59-j 

patterns for. III, 6x-5 

with graduated pantograph, HI, 59-5 
Entropy, HI, 63-5 
Entz booster, I, 262-5 
Epicassit, m, 63-5 
Epicydic gearing, m, 64-r 

compound, m, 67-1 

determining speed ratios, m, 64-2 

eccentric, n, 518-5 

simple, m, 66-2 

solution by method of levers, m, 65-2 

speed ratio tables, III, 66-4 

variable-speed, VI, 433-4 
Epicycloid, V, 518-J 
Epicydoidal dcew bevel gears, V, 368-r 
Equaling file, m, X20-2; X20-4 

application, m, X33-7 
Equalizer, D. C. generator. III, 404-r 
Equalizer rings, D. C. generator. III, 4ox-4 
Equalizing dog or driver, 11. 394-4 
EquaBzing driver plate, 11, 395-r 
Equalizing set, flywheel, IV, 460-4 
Equations, III, 67-5 

affected quadratic, m, 70-/ 

chemical, II, 96-5 

cubic, III, 70-2 



Equations, first degree, m, 67-4 
for a line, I, 92-2 
for a point, I, 93-j 
for curves, I, 93-5 
plotted as curves, IV, 339-5 
pure quadratic. III, 69-4 
quadratic. III, 69-4 
second degree, lU, 69-4 
trial-and-error method of solving. III, 

70-5 
two unknowns, m, 68-2 
with more than two unknowns. III, 69-5 
Equator, circumference of earth at, VI, 

463-4 

length of degree at, VI, 463-4 
Equilateral triangle, IV, 337-5 

geometry of, m, 408-1 

to draw, m, 4x0-4 
Equilibriiun, IV, 33X-4 

axis of, I, 53 X- J 

of fluids, Pascal's law, IV, 34-2 
Equivalent diameter in spiral gearing, V, 

463-5 
Equivalent evaporation, I, 433-j 
Equivalent of heat, mechanical, VI, x-r 
Equivalent phase difference, V, 530-r 
Equivalents, chemical, 11, 94-5 

electrochemical, II, 536-7 
Equivalents, heat and power, V, x39-r 
Equivalent sine wave, V, 539-7 
Equivalents of water evaporation, V, x3i-7 
Equivalent spur gear, bevel gearing, I, 354-r 

spiral gearing, V, 463-5 
Erbium, m, 70-5 
Erg, m, 70-5 

Ericsson hot-air engine, I, 51-5 
Erosion of alloys, I, 67-2 
Esparto paper gears, V, 513-4 
Estimating cost, n, 330-7 

assembling, n, 33x-7 

castings, n, 230-2 

jobbing work, n, 333-7; 333-5 

marhining, 11, 330-5 

patterns, II, 330-2 

shop expense, II, 33X-7 

usual methods, n, 33x-7 
Estimating furnace brickwork, m, 340-2 
Etched surface, appearance of, IV, 349-5 
Etching, m, 70-4 

brass, m, 7X-2 

brass nameplates, m, 7X-4 

electroljrtic, IV, 356-7 

files, machine for, m, ixx-5 

file teeth, m, xxo-4 

fluids for, m, 70-4 

for frosted effect, in, 70-4 

for graduating. III, 430-2 

for graduating, acids. III, 433-2 

for microscopic study of metals, IV, 349-2 

glass, ni, 7X-5; 433-5 

metal saws, V, 314-5 

names on tools, in, 70-4 

ornamental designs. III, 73-1 

reagents, IV, 353-5 

steel, m, 70-4 
Etching reagents, IV, 353-J 

action on cementite, IV, 35X-5 

ammonia, IV, 353-5 

ammonitun persulphate, IV, 353-4 

aqua regia, IV, 354-^ 

bromine water, IV, 354-2 

caustic soda, IV, 355-^^ 

chromic add, IV, 354-2 

copper ammonium chloride, IV, 355-2 

copper chloride, IV, 355-2 

cupric anmionium chloride, IV. 354-2 

effect of, IV, 35X-2 

ferric chloride, IV, 354-2 

for alloys, IV, 353-.? 

for aliuninum, IV, 354-4 

for brass, IV, 353-5 
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Etching reagents, for copper, IV, 353-5 
for gdd, IV, 3S4-I 
for iron, IV, 355-2 
for nonferroiu metals, IV, 353-J 
for platinum, IV, 354-1 
for steel, IV, 355-2 
for white metals, IV, 354-3 
hydrochloric acid, IV, 354-i; 355-' 
hydrofluoric add, IV, 354-4 

iodine, IV, 355-^; 355-J 

nitric add, IV, 354-4; 355*5 

picric add, IV, 355-4 

sQver nitrate, IV, 355-1 
Ether, boiling point, I, 44S-4 

latent heat, IV, 169-1 

specific heat, V, 401-j 

sulphuric, spedfic gravity, V, 398*4 

vapor, spedfic gravity, V, 399-'2 
Ethyl alcohol, latent heat, IV, 169-1 
Ethylene, in producer gas. III, 315-5 

spedfic gravity, V, 399-2 

specific heat, V, 401-2 
Europiiun, m, 72-2 
Eutectoid sted, 11, 7-2 
BTAporatioii, entropy of, m, 63-j 

equivalent, I, 422-1 

factors of, I, 421-1; 422-2 

latent heat of, I, 419-2; HI, 542-/ 

latent heat of, table, IV, 169-1 

rate of, in boilers, I, 423-4 

water, equivalents, V, 129-j 
Ewart chain, 11, 62-2; 75-4 
Exdtation, A. C. generators, itl, 393-5 

electric power plant, V, 141-1 

incorrect, synchronous converters, m, 
11-4 

in mercury arc rectifiers, V, 248-2 
Bzdters, m, 72-2 

compensation for line drop, m, 74-1 

direct-connected, V, 141-2 

for synchronous condensers, in, 74-j 

in hydraulic power plant, V, 147-' 

motor-driven, V, 141-2 

number and arrangement, m, 72-4 

steam-driven, V, 141-2 

storage batteries as, m, 74-2; V, 141-2 

troubles with. III, 5-5 

voltage regulation. III, 73-2 
Exhaust lap, VI, 378-4 

arcs, VI, 379-' 
Exhaust mains, atmoq>heric, V, 73-4 

steam engine, V, 140-2 

steam turbine, expansion, V, 78-4 

vacuum, V, 73-4 
Exhaust ports, engine, VI, 34-4 
Exhaust systems for grinding and polishing 

wheels, m, 75-j 
Exhaust valve of gas engine. III, 292-1 
Expandcd-metal reinforced concrete, n, 

175-1 
Expander, tube, VI, 340-r 
designating size, IV, 286-2 
roller type, VI, 340-4 
roller type, percentage of carbon m, I, 

557-4 
sectional, VI, 340-j 

Expanding arbors, I, 110-4 
designating size, IV, 286-5 

Expanding band clutch, II, 142-4 

Expanding pulley variable-speed mecha- 
nism, VI, 426-j 

Expanding tubes, VI, 340-j 

Expansion bends, V, 75-j 
pipe, V, 36-5 
radius of, V, 58-2 

Expansion bolts, V, 327-j 

Bzpansioii due to heat, m, 542-2 
alloy with small, IV, 76-4 
doth finish to minimize. III, 135-' 
in steam pipes, allowing for, V, 74-/ 
in steam pipes, estimating, V, 72-2 



Expansion due to heat, in steam turbine 
exhaust main, V, 78-4 
of metals, m, 541 -j 
of metals, testing by Bureau of Standards* 

V, 544-' 
of piping, superheated steam, V, 73-j 
of steam piping, V, 57-4; 71-3 
of steam piping, table, V, 73-3 
of steel, nidLd sted and cast iron, m, 

153-' 

of various substances, m, 541-4 
Expansion joint, m, 77-2 

for piping, V, 50-2; 77-2 
Expansion of gases, adiabatic, I, 30-j; 30-2 

isothermal, 1, 30-1; 30- j 
Expansion, ratio of, in engines, VI, 3-j; 

27-5 
E^xpansion reamers, m, 506-2 
Expansion strains in piping, V, 71-3 
Explosion, n, 98-j 

in air compressors, I, 46-4 
Explosion gas pump, Humphrey, V, 212-2 
Explosion-proof electrical machine, defi- 
nition. V, 532-4 
Explosive gas turbine, m, 3x9-1 
Ei^nents, m, 203-2 

in algebra, I, 6i-x 
Export, pacldng machinery for, IV, 518-3 
Exposure, shop photography, V, 15-3 
E:q>ress pump, Riedler, V, 199-3 
Expulsion fuses, m, 267-j 
Extension gap lathe, IV, 170-3; 177-2 
Extension planers, open-side, V, 104-2 
Extension spring, V, 480-4 
Extensbn tool-head, planer, V, 91-4 
Extensometer, VI, 227-4 
Extinguisher, fire, bicarbonate of soda, m, 

143-4 

sawdust, m, 143-3 
Extracting roots, I, 64-4 

by logarithms, IV, 242-4 

cube root, n, 274-4 

square root, V, 519-3 
Extractors, oil, IV, 503-3 

tar, for gas producers, HI, 310-3 
Extremes in proportion, V, 177-4 
Extruded shells, comparison between drawn 

and, m, 84-3 
BztnMion of metals, m, 77-3 

aluminum, m, 89-2 

aluminiun bronze, m, 90-2 

billet containers, III, 81-2 

brass, HI, 90-j; 90-3 

casting blocks. III, 87-3 

cold extrusion, m, 86-2 

collapsible tubes, DI, 85-4 

copper, m, 89-4 

copper alloys, III, 90-1 

curved pipe. III, 79-2 

Dick process, m, 77-4 

early development, m, 77-4 

dectrically-beated container, m, 82-1 

extruded and drawn shells, comparison, 

HI. 84-3 
extrusion die, III, 84-4 
furnace for heating blocks, III, 87-4 
gilding metal. III, 90-2 
heating blocks, in, 87-4 
hydraulic press, m, 88-r 
influence on properties of metab, in, 88-4 
lead, m, 89-2 
lead pipe, ni, 78-4 
metals used. III, 89-2 
pipe, m, 78-4 
presses. III, 86-4 
ptmch and former, m, 85-r 
tin-lined lead pipe. III, 79-j 
tubular shapes, m, 83-2 
tubular shapes, presses for. III, 84-2 
work produced. III, 89-7 
zinc, in, 89-3 



Extrusion presses, HI, 8$-4 

earliest. III, 78-4 

for tubular shapes, m, 84-2 

hydraulic. III, 79-2 

Krupp hydraulic, m, 88-j 

modem high-power, in, 86-4 
Eyd)olt^ V, $27-2 
Eyelet machine, V, 162-j 
Eye-pin, tools for wire forming, VI, 518-2 
Esre protection in the industries, in, 90-3 
Eyes on springs, forming, V, 492-2 
Ey^^plice, making, V, 290-3 

Face and hole grinder, m, 443-2 
Face angle, bevd gear, I, 353-5 

spiral bevd gear, V, 476-4 
Face cams, I, 531-2 
Face grinding, m, 462-j 

machines. III, 440-3 

woik speed. III, 471-1 
Face milling, IV, 401-1 
Face of gear tooth, V, 502-2 
FacepUte, VI, 170-4 

angle-plate for, IV, 187-2 

damping work to detached, IV, 187-4 

counterbalance on, IV, 187-3 

driver for work on, IV, 187-2 

for cutting multiple threads, VI, 241-3 

for eccentric piston rings, V, 90-x 

hokiing work on, IV, 186-3 

jaws, II, 1 14-2; IV, 187-4 

jaws, designating size, IV, 285-3 

quill for bench lathe, I, 342-4 
Faceplate controllers, II, 188-3 
Face sprockets, n, 76-3 
Facing in lathe, IV, 182-j 

ends of centered stock, n, 39-4 

facing and boring tool, I, 459-2 

heads for, designating size, IV, 285-3 

radial, IV. 184-3 
Facing lathe, IV, 179-2 
Facing machines, nut, horsepower, IV, 453-j 
Facing, molds, IV, 4x1-4 
Fadng sand, IV, 41X-4 
Factor, m, 94-2 

crest, V, 529-j 

demand, V, 530-3 

diversity, V, 530-3 

form, V, 529-1 

bad, IV, 2 1 1-3; V, S3»-2 

peak, V, 529-^ 

plant, V, 530-3 

power, V, 129-2; 530-r 

prime. III, 94-2 

reactive, V, 529-2 

saturation, V, 530-3 
Factories, organization of productive de- 
partments, V,.. 165-3 
Factoring, HI, 94-2 

in algebra, I, 63-4 
Factor of safety, in, 92-1; VI, 97-3 

in springs, V, 496-4 

table, VI, 97-4; 98-1 
Factory buildinga, m, 94-4 

cost of, in, 95-4 

data for planning, m, 96-4 

equipment, fireproof, HI, 100-4 

fire protection in, m, 143-2 
. floors, m, 157- J 

frame construction, m, 96-2 

insurance rate. III, 96-4 

lay-out of modem plant, ni, 98-2 

lighting required, n, 554-2 

location, HI, 95-r 

reinforced concrete, HI, 96-4 

roofs, HI, 95-4 

slow-burning timber construction, IH, 

96-3 
structural steel, HI, 96-3 
types, in, 95-3 
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Factacy buildings, windows, m, 96-1 
Factoiy construction, surveying, VI, 129-2 
Faggots in wiought-iron manufacture, VI, 

Faggot wdding, VI, 47x-4 

Fahrenheit thermometer, m, 100-4; VI, 

252-3 
Failure of riveted joints, V, 271-1 
Fairbaim crane, n, 233-r 
Falling bodies, m, loi-i 

energy of, HI, 58-j 
False valve seats, IV, 225-4 
Fan brakes (dynamometen), n, sz6-j 
Fans, m, 102-2 

blowers, I, 383-4; 385-1 

blowers, horsepower, I, 386-5 

blowers, pressures and capacities, I, 387-1 

blowers, proportions, I, 386-1 

centrifugal. III, 102-2 

centrifugal, horsepower, m, 106-j 

centrifugal, proportions, m, 105-1 

centrifugal, theory, m, Z03-1 

cone, in, 102-5 

disk, m, 102-4 

disk, capacity, m, 107-4 

disk, horsepower, m, 107-4 

for forced draft, I, 413-5 

for induced draft, I, 413-4 

for mechanical draft, m, 107-2 

motor drive. III, loS-i 

pressures required for ventilating, HI, 
107-/ 
Farad, m, 109-j 
Faraday, n, 536-1 
Famley wrought iron, VI, 555-J 
Farwell engine, HI, 294-1 
Fathom, length measure, VI, 463-4 
Fatigue stresses. III, 109-1 
Fat, lubricating, properties of, IV, 244-2; 

245-5 
Faure electrode plate, I, 254-5 

Featheredge files, m, 120-2 

application. III, 133-4 
Feathered joint, IV, 543-2 
Feather key, IV, 146-5 

dimensions, IV, 147-2 
Feathers, heat insulating value, m, 542-5 
Feather valve for air compressor, I, 39-4 
Feed changes, machine tool, ratio of, IV, 

275-1 
of lathe, IV, 171-5 
Feeder, in molds, IV, 414-5 
Feeder oil switches, VI, 177-5 
Feeder reactances, V, 236-2; 236-4 
Feeders, regulation, rules, V, 537-1 
Feeders, relays for separate, V, 257-2 
Feeding a mold, IV, 414-5 
Feeding and regulating devices for boflers, 

I. 395-4 
Feeding attachment, msgazine, for auto- 
matics, I, 191-5 
Feeding pressure for disk grinding, II, 385-5 
Feed mechanismB, V, 402-j 
automatic, for steadyrest, V, 549-2 
automatic machines, I, 193-j 
automatic, shaper tool-slide, V, 347-1 
boring, drilling, and tapping machines, V, 

4x8-1 
boring machine, horizontal, V, 430-5 
convenience of operating, IV, 275-5 
cylinder boring machine, V, 429-4 
drilling machines, V, 41 7-1 
form grinding, m, 456-5 
lathes, change-gear mechanisms, V, 408-2 
milling machines, V, 423-5 
milling machines, efficiency, IV, 40&-4 
milling machines, horizontal, V, 424-4; 

425-2 
milling machines, vertical, V, 426-2; 

482-2 
pUmer, V, 96-2 



Feed mechanisms, power press, V, 158-1 

radial drills, V, 418-4 

shaper, V, 346-j 

slotter, V, 381-4 

strength of, IV, 276-1 

tiuret lathe, VI, 356-5 

turret lathe gear-box, V, 412-4 

upright drill, dutch-controlled, V, 417-x 

upright drill, tumbler gear typ^ V, 417-2 

wire forming, VI, 516-2 
Feed iNping, boiler, I, 447-5; V, 140-5 
Feed pumps, boiler, I, 395-4; V, 136-5 
Feed regulators, boiler, V, 135-1; 137-1 
Feeds, see "Feeds and speeds" 
Feeds and speeds, V, 433-1 

carbon and high-speed sted compared, V, 

436-4 

centering in automatic screw machines, I, 
164-2 

cold sawing, V, 443-2 

counterbores in automaticscrewmachines, 
1,168-2 

cut-off tools, I, 156-5 

cutting with and without water, V, 436-4 

drilling, II, 441-2; V, 438-2 

drilling in automatic screw machines, I, 
165-2; 166-r 

durabilitjf of tool, V, 435-2 

effect of lubricant, V, 435-r 

forming tools, 1, 154-r 

gear cutting, V, 441-2 

gear cutting, tables, V, 442; 443 

gear bobbing, V, 441-4 

high-speed sted drills, V, 441-1 

knurling, 1, 176-4 

milling feeds, V, 438-2 

milling speeds, V, 437-4 

planer, for finishing cuts, V, 102-5 

planing feeds, V, 437-4 

planing speeds, V, 437-2 

reaming in automatic screw machines, I, 
169-J 

roll turning, V, 289-2 

shaft turning, V, 342-/ 

shaving tools, 1, 163-5 

turning, factors limiting speed, V, 434-4 

turning, feed, V, 434-r 

turning, speed, V, 433-2 

turning unusual materials, V, 437-1 
Feed-screws, guards for, I, 304-1 

thrust of, VI, 28&-5 
Feed water, boiler, I, 396-5 

heaters, I, 407-2 

injector for, IV, 59-j 

inspirator for, IV, 59-4 

purification, I, 400-5 

purifiers, live steam, I, 404-5 

testing, I, 399-2 
Feed water heaters, I, 407-2 

capadty, V, 136-2 

economizer, II, 525-4 

in power plants, V, 136-1 

open, used as purifiers, I, 404-2 
Fees for patents, IV, 525-4 

in different countries, IV, 530-5 
Feet, jig, IV, 117-r 

design, IV, 127-2 
Feet of water, compared with other methods 

of measuring pressure, V, 164-4 
Fellows stub gear teeth, VI, 113-1 
Fdt, as heat insulation. III, 542-5 

polishing wheek, V, 124-5 

polishing wheels, speed, V, 125-4 
Fdten & Guilleaume music wire gage, VI, 

509-J 
Fdt-pad lubrication, I, 282-4 
Fdt-paper polishing wheds, V, 124-4 
Ferracute clutch, 11, 138-2 
Ferric chloride, etching reagent, IV, 354-2 

mdting point, m, 251-4 
Ferrite, III, 109-2 



Ferrite, alpha, IV, 79-2 

development of, IV, 352-2 

in casehardening, II, 7-2 

in metallography, IV, 350-5 
Ferrocyanide, potassium, tor casdiardening, 

n, 5-2; 12-5 
Ferromanganese, III, 109-5 

in Bessemer process, I, 352-1 

in manganese steel, IV, 321-2 

melting in crudbles, IV, 321-2 

mdting in cupola, IV, 321-4 
FerroailiGon in Bessemer process, I, 352-r 
Feriosilioon pig iron, V, 22-j 
Ferrotitanium, VI, 291-1 

for titanimn steel, VI, 291-4 
Ferrotungsten, VI, 343-5 
Ferrotype photographs, V, 18-5 
Ferrous alloys, I, 66-2 
Ferro-vanadiiun, VI, 416-4 
Ferrules for tube expanding, VI, 341-2 
Ferry rope, VI, 530-2 

F6ry absorption pyrometer, V, 218-j; 226-2 
Fettling copper furnace, n, 205-4 
Fiber, m, 109-4 

and metals, coeffident of friction, HI, 
217-1 

bevel gears, I, 360-4 

disks, friction, m, 217-2 

gears, V, 5x2-4 

jute, IV, 143-4 

sheet, dectric insulating, IV, 66-5 

sulphite, friction wheels, m, 218-1 

truck wheels, VI, 331-1 
Fidd, A. C. generator, revolving, m, 392-4 
Fidd, A. C. motors, IV, 464-4 

commutator motor, IV, 472-4 

induction motor, IV, 464-4 

synchronous motor, IV, 471-2 
Fidd ammeters, D. C, VI, 147-2 
Fidd circuit, open, synchronous motors, m, 

6-2 
Fidd coils, excessive heating of A. C. gener- 
ators, ni, 4-4 

heating, in generators and motors, HI, 2-5 

reversal of individual, m, 4-4 

short-circuited, HI, 4-5 
Field control of motors, IV, 444-2 
Fidd, D. C. generator, m, 400-j 

definition, n, 532-5 
Fidd, D. C. motor, IV, 474-5 

coimnutating, IV, 474-5 

commutating pole, IV, 479-4 

definition, IV, 474-2 

main, IV, 474-3 
Field, magnetic, 11, 528-j; 529-j 

intensity, symbol, V, 529-5 
Fidd magnets, n, 532-5 

D. C. motor, IV, 474-5 
Fidd poles, synchronous motor, IV, 471-2 
Fldd-rheostat losses, V, 536-1 
Fidd ring, D. C. motor, IV, 474-4 
Fidd spider, synchronous motor, IV, 471-2 
Fidd switches, VI, 157-2 
Fidd winding, A. C. generator, III, 393-r 

conunutator motor, IV, 473-x 

D. C. generator, HI, 400-2 

open-drcuited. III, 4-5 

short-circuited, m, 4-4 

short-circuited, synchronous converter, 

m, 1 2-1 

synchronous motor, IV, 471-2 
Fifth powers of numbers, II, 304-/ 
Figures for dimensions on drawings, II, 

428-5 
Filaments, lamp, tungsten for, VI, 343-2 
File card, use of, m, 132-4 
File-cutting machines, in, 11 1-5 

Bemot, in, 112-2 

Brandon, m, 112-2 

Duverger, m, xix-4 

for etching teeth. III, 111-5 
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File-cuttiiig machines, foundations for, III, 

113-^ 
Leonardo da Vind, III, iii-j 
modem, m, 11 2-2 
Mondon, III, 112-2 
File mimifacture, m, iio-i 
annealing. III, 114-4 
blanking, HI, 114-j 
cutting, ni, 1 13-4; 1 1 5-4 
etching. III, 110-4 
file-cutting machines, m, 111-3 
forging, III, 1 14-3 
general methods, HI, 113-2 
grinding, III, 115-2 
hand- and machine-cutting compared, 

m, 1 14-2 
hand-cutting, m, 11 0-2 
hardening, III, 114-1; 116-J 
history, III, iii-j 
inspection, m, 114-1 
stripping, ni, 1 1 5-2 
toolmakers' files, EQ, X14-1 
FQes, m, 1 1 7-2 
American and Swiss compared. III, 1x7-1 
apple-seed, m, 120-2 
application of different grades and shapes, 

III, 133-1 
back of, ni, Z20-4 
bastard, III, 121-1 
bellied. III, 120-4 
blanks for, HI, 121-4 
blunt. III, 120-4 
cabinet. III, 120-3 
cant- and cant-saw, m, lao-^ 
care of, HI, 132-5 
circular. III, 123-3 
circular-cut, HI, 122-5 
classification, HI, 11 7-2 
cleaning, HI, 132-4 
coarse, HI, 121-1 
convexity of, HI, 130-J 
cotter, HI, 117-j 
crochet, HI, 120-j 
cross-cut, HI, X20-I 
crossing or cross, HI, 120-1 
cutting, m, 1 10-2; 1x3-4; "5-4 
dead-smooth, HI, 120-4 
designating size, IV, 286-2 
different kinds, illustrations, HI, 118 
double-cut, HI, i2x-j 
economical use of, IH, 132-3 
efficiency, factors affecting, IH, 125-3 
equaling, IH, X20-2; 120-4 
etching, IH, xio-4 
etching, nuichine for, HI, 11 1-3 
featheredgerlH, 120-2 
filing, HI, 128-4 
flat, IH, XX 7-2 
floats, HI, 120-4 
for various metak, HI, 126-1 
ginsaw, HI, 120-7 
Grobet Swiss, IH, 12 1-2 
gulleting, HI, XX7-4 
half-round, HI, 117-4 
hand, HI, 11 7-2 
hand- and machine-cut compared, HT, 

110-2; 1 14-2 
handsaw, HI, 120-2 
handsaw, slim, IH, X20-3 
hardening, IH, 1x4-1; 116-x 
heel of, HI, 120-4 
how to hold, IH, 129-2 
increment cut, HI, x2x-2 
inspection, HI, xx4-j 
keyway, IH, 11 7-3 
knife, HI, 120-J 
length of, III, X20-3 
lightening, IH, 120-2 
machines for cutting, IH, 1x1-4 
manufacture, HI, x lo-i 
middle-cut, HI, 120-4 



Files, mill, HI, 1x7-3 
number of teeth per inch, HI, 121-2 
oil on, HI, 130-4 
over-cut, IH, 120-4 
percentage of carbon in, I, 557-3 
pillar, IH, 11 7-3 
pippin, IH, 120-2 
pit-saw, HI, 120-J 
precision, HI, 122-1 
rasp, HI, 121-1 
rat-tail, IH, XX7-4 
re-cut, HI, 120-4 
rifllers, HI, 122-3 
rough, IH, X2I-I 
round, IH, 1x7-4 
safe-edge, IH, X20-4 
second-cut, HI, i2x-j 
set, III, 120-4 
single-cut, IH, 121-J 
slim handsaw, IH, 120-3 
slim taper, IH, X20-3 
slitting, IH, X20-2 
slotting, IH, 1 1 7-3 
smooth, HI, X2i-r 
square, HI, 1x7-4 
superfine or super, HI, 120-4 
sui>er-smooth, HI, X2x-r 

Swiss, HI, II4-2; 1 21-2; X22-I 

taper, HI, X20-4 

taper, slim and extra slim, HI, 120-3 

teeth of, HI, 120-4 

testing, HI, 123-3 

three-square, HI, X17-4 

toolmakers', IH, 122-1 

toohnakers', making, HI, 114-2 

tumbler. III, 120-1 

up-cut, HI, 120-4 

Vemaz, HI, 122-3 

Vixen, HI, 123-3 

warding, IH, 117-3 
File teeth, HI, 120-4 

best shape of, HI, 127-4 

clearance, HI, X25-3 

cutting, HI, 1 10-2; 1 13-4; 1 15-4 

effect of rake and clearance, HI, 127-3 

etching, HI, 1x0-4 

etching, machine for, HI, ixx-3 

pitch of, HI, 125-4 

rake of, HI, 125-3 

shape of, HI, 127-2 

sharpness of, IH, X25-3 
File testing, m, 123-3 

conclusions of tests, IH, 127-4 

effect of tooth clearance, IH, 127-3 

effect of tooth rake, HI, X27-3 

file efficiency, IH, 125-3 

files for various metals, IH, 126-1 

hardness, HI, 527-3 

machine for, HI, X23-4 

quality of steel, HI, X27-3 

results of, HI, X25-/ 

shape of file teeth, IH, 127-2 
Filing, m, 128-4 

application of different files, HI, 133-1 

bevel gear teeth, HI, 329-1 

broad surface, HI, 131-3 

care of files, HI, X32-3 

cleaning files, IH, 132-4 

concave surfaces, IH, X30-4 

convex surfaces, HI, X3x-/ 

cross-, IH, 129-2 

die openings, H, 347-4 

draw-filing, IH, X31-2 

flat surface, HI, 129-/ 

height of work for, HI, X30-2 

holding file, IH, 129-2 

in a lathe, HI, 131-4 

machines for dies, H, 348-2 

oil on files, IH, 130-4 

preparation of work for, IH, 130-3 

dots, HI, 13 X -2 



Filing machines, die, H, 34S-2 

designating size, IV, 284-3 
Fillers, electrical insulation, IV, 65-j 
Fillet, IV, 340-2 

for patterns, IV, 537-3 
Fillister-head machine screws, V, 325-2 
FlUister-head wood-screws, V, 328-4 
Filter, boiler feed water, I, 400-4 
Filtering air for compressors, I, 42-3 
Filter, magnetic oil, IV, 504-2 
Filter test for lubricating oUs, IV, 247-/ 
"Fine-metal" (copper), H, 205-1 
Finger clamp, planer, V, X15-3 
Finger lever, rifle, profiling, V, 173-2 
Flniali, IV, 2x1-1 

bronzmg, IH, X35-I' 

carbonia finish, HI, 135-3 

doth finish, HI, X35-2 

grinding, HI, X36-2 

"heat-black," H. 167-r 

indicating on drawings, H, 428-4 

lacquering, HI, 134-4; IV, i57-J 

lapping, IH, X36-2 

metal coloring, H, 160-j 

of metal surfaces, IH, 134-1 

painting, IH, 136-3 

polishmg, HI, X36-2 

silver finish, IH, 134-2 

tumbling, HI, X36-1 
finished surfaces, indicating on drawings, 
H, 428-4 

protecting against weather, IV, 519-3 
Finishing tools, broad, for lathe, IV, 184-4 

inserted-blade cutter, IV, 383-4 

planer, V, x 1 3-2 ; 1 1 5-x 
Fins in drop-forgings, H, 490-2 

removal of, H, 476-1 
Fins in rolling sted bars, I, 371-2 
Fir, as fud, IH, 2x9-2 

for transmission line poles, VI, 316-4 

spedfic gravity, V, 399-1 

specific heat, V, 40X-4 

weight per cubic foot, V, 399-1 

weight per foot, V, 40X-2 
Firebox for boilers, I, 408-3 

steel, specifications, I, 433-2 
Firebrick, HI, 136-4 

arch, HI, 140-4 

bauxite, HI, 137-4 

bricks required for given area, HI, 138-3 

calculations for arches, HI, 14X-2 

characteristics, IH, X39-4 

chrome, HI, 138-1 

drde, HI, 141-2 

daasification, IH, 137-2 

composition, HI, 137-2 

cupola, IH, 141-2 

deterioration, IH, 137-2 

dimensions, HI, 140-2 

fireclay, HI, X37-2 

for annealing furnaces, EH, 138-4 

for arches, IH, 140-3 

for blast furnaces, I, 378-3 

for boiler furnaces, I, 409-j 

for brass furnaces, IH, 139-x 

for cupolas, HI, X39-2 

for furnaces, IH, 238-j 

for malleable fiunaces, HI, 139-2 

for reverberatoiy fiunaces, HI, 138-3 

for smokestack construction, HI, 143-r 

for smokestacks, number of, HI, 142-3 

for sted converters, III, 139-1 

for sted foundries, HI, 139-3 

general properties, IH, 138-2 

grading, IH, 139-4 

key, HI, 141-1 

magnesia, HI, 138-2 

melting points, IH, 138-2 

quality, HI, X37-1 

alica, IH, 137-4 

spedfic gravity, V, 400-r 
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Firebrick, specific heat, III, i3&-a 

wedge, in, 141-1 

weight per cubic foot, V, 400-j 
Firebrick-lined smokestacks, m, 142-j 
Fireclay, aa electrical insulatioii, IV, 64-2 

brick, m, 137-2 

fusing point, m, 136-4 

retorts for ^nnwiLling furnaces, m, 224-2 
Fire-cracks in allojrs, I, 67-2 
Fire damage, appraisal, 1, 107-j 
Fire extinguisher, bicarbonate of soda, m, 

143-4 

sawdust as, m, 143-5 
Fire hose connections, IV, 33-r 
Fire pails for factoiy service, m, 143-5 
Fire point, m, 153-4 
Fireproof buildings, cost of, m, 95-4 
Fireproof factoiy equipment, HI, 100-4 
Fireproof paint, IV, 521-4 
Fire protection in factories. III, 143-2 

spontaneous combustion, V, 479-5 
Fires for welding, VI, 469-2 
Fires, japan, sawdust as an extinguisher, 

m, 143-5 

oil, sawdust as an extinguisher, m, 143-5 
Fire test of oils, m, 144-1; IV, 24S-4 
Fire-tube boilers, I, 4x4-2; 415-r 

in power plant, V, 133-4 

types of, I, 414-4 
Firing doois, I, 44B-1 
Firing, ofl, Koerting system, IV, 503-2 
Firing point of oil, m, 154-1; IV, 248-4 

determining, IV, 249-j 
Firing steam boOers, I, 41 1-5 
First-angle projection, n, 423-5 
Fish-bellied ginler, n, 260-5 

diagrams for, 11, 263-5 
Fit allowances (see also "Fits"), m, 144-2 
Fitchburg plan of cooperative apprentice- 
ship, I, X09-2 
Fits, m, 144-2 

driving, m, 145-J 

driving, allowance for jig bushings, IV, 

lOI-I 

forced, m, 145-2 

forced, allowance, m, 145-4 

forced, pressure for. III, 146-2 

limits for indicating on drawings, n, 429-j 

pressed, m, 145-2 

pressed, allowance for, m, 147-5 

preased, on generators and motors, m, 

148-2 
pressed, pressure for, m, 146-2 
pressed, record of 204 different, m, 148-r 
push, m, 144-5; 146-2 
running, HI, 144-5; i4S-5; 146-2 
shrinkage. III, 148-4 
shrinkage, aUowance, m, 149-4 
shrinkage, effect of shape and mass on, 

m, 152-7 
shrinkage, temperatures for, m, 153-2 
Fitting keys, IV, 148-2 

Fittings, pipe, V, 37-4; 42-4 

brass, specifications, V, 42-2 

cast-iron, V, 39-1 

cast-iron screwed, V, 40-5 

cast-iron screwed, table, V, 42-r 

composition pipe, V, 42-2 

conduit, electric wiring, VI, 535-4 

effect on flow of air, I, 29-2 

flanged, American standard, V, 39-5 

for boilers, I, 429-4 

for superheated steam, VI, 125-1 

malleable-iron, V, 40-5 

malleable-iion, strength, IV, 309-r 

working pressures, V, 38-5 
Fitz water-wheel, VI, 452-2 
Fixed focus radiation pyrometer, V, 225-4; 

226-2 
Fixed gages, m, 269-j 
Fixed oils, IV, 244-2 



Fixed-wheel grinding, III, 446-5 
Fixing, shop photography, V, 18-2 

bath for, acid, V, 18-/ 
Fixtures snd jigs, IV, 114-2 

babbitting, I, 201-5 

boring, IV, 133-7 

boring, adjustable, IV, 134-5 

boring, for holes at an angle, IV, 135-5 

boring, supported by work, IV, 134-4 

boring, types, IV, 133-2 

box, IV, 119-7 

box, design, IV, 128-5 

busiiings, IV, 96-5 

damping devices, IV, iot-5; 116-2 

dosed, design, IV, 128-5 

common defects, IV, 124-7 

definition, IV, 1 14-4 

design, IV, 120-4 

design, effect of chips, II, 103-4 

design, prindples of, IV, 115-7 

design, procedure, IV, 125-4 

difference between, IV, 114-4 

drawings, n, 401-7; IV, 125-7 

eccentric turning, n, 525-2 

feet, IV, 117-7; 127-2 

for drilling at an angle, IV, 132-5 

guiding drill, IV, 120-4 

handling large, IV, 132-4 

indexing, IV, 139-5 

leaf design, IV, 131-2 

locating by keyways, IV, 123-4 

locating devices, requirements, IV, 116-2 

locating points, IV, 121-2 

locating points, adjustable, IV, 122-4 

materials, IV, 117-2 

milling, IV, 136-4; x39-2 

milling, continuous, IV, 140-2 

milling, design of, IV, 139-2 

object of, IV, 114-2 

open, IV, 118-4 

open, design, IV, 126-7 

planing, IV, 136-4; 137-2; V, 117-2 

planing, for locomotive cylinder saddles, 
IV, 138-4 

planing templets, IV, 138-2 

rotary, IV, 142-4 

screw bushings as locating points, IV, 
122-j 

sliding bushings as locating points, IV, 
122-7 

tsrpes, IV, 1 18-2 

using work as, IV, 120-5 

vises, used as, IV, 137-2 

weight of, rV, 1 16-4 
Fixtiue thread, gas, VI, 277-5 
Flake graphite, IV, 252-2 
Flame arc lamps, n, 548-4 
Flamdess combustion, VI, 126-7 
Flame, oxy-acetylene, IV, 509-7 
Flame, oxy-hydrogen, IV, 513-5 
Flange bolts, strength of, I, 455-2 
Flange couplings, 11, 229-7 
Flanged cast-iron pipe, table, V, 23-2 
Flanged fittings, m, 153-4; V, 39-5 

American standard, table, V, 38-7 

cast-iron, V, 39-7 

definition, V, 37-4 

extra-heavy, V, 39-4 
Flanged pipe joint, V, 46-2 
Flanged shells, drawing, II, 411-4 
Flanged work, pattemmaking, IV, 547-2 
Flanges, ball-shaped for ground joints, III, 

309-x 
Flanges for mounting grinding wheels, m, 

475-4; 481-4 

Flanges, pipe, V, 42-5 
cast-iron, table, V, 44-7 
finishing for gaskets, m, 308-2 

Flanges, rawhide gear, V, 235-7 

Flange sted, VI, 63-7 
specifications, I, 433-2 



Flanging and seaming aluminum, I, 89-5 

Flanging presses, IV, 35-5 

Flank of tooth, gearing, V, 502-2 

Flap valves, pump, V, 193-5 

Flash in drop-forging dies, II, 490-7 

Flashing ball blanks, I, 231-4 

Flashing point of oils, IV, 248-4 

Flash-light, shop photography, V, 16-5 

Flash point of oils, m, 153-4; IV, 248-4 
determining, IV, 249-7 

Flask annealing, VI, 70-4 

Flasks, foundry, m, 212-2; IV, 4x2-5 
molding in three-part, IV, 4x7-5 
molding in two-part, IV, 416-5 
two-part, molding three-part work in, IV, 
417-4 

Flat chisd, 11, 107-7 

Flat-compounded direct-current generator, 

m, 399-2 
Flat drills, 11, 439-2 

designating size, IV, 285-4 

for automatic screw machines, I, X67-2 

for deep-hole drilling, n, 447-5 

for lathe drilling, IV, x86-7 
Flat files, m, X17-2 

application, m, X33-7 
"Flat-footed" cam follower, I, 533-4 
Flat forces for embossing dies, III, X77-7 
Flat-head machine screws, V, 325-7 
Flat-head wood-screw, V, 328-4 
Flat key, IV, X44-4 

dimensions, IV, X47-7 
Fhit Up, IV, x6x-4 

rotary, IV, X64-5 
Flat plates, making tubes from, VI, 337-2 
Flat plates, strength of. III, X54-7 
Flat-point set-screws, V, 326-5 
Flat ri£9er for die-sbking, n, 488-4 
Flat rope, m, X5S-5 

strands, VI, 523-7 
Flat scriber for laying out, IV, 189-2 
Flats, in rolling mill practice, V, 284-7 
Flat springs, classification, V, 492-5 

formulas, V, 493-5 
Flat stampmg dies, V, 523-4 
Flat stayed surfaces, strength of. III, X55-5 
Flat suifaces, broaching, I, 5x4-4 

lapping, IV, 161-2 
Flattened strand rope, VI, 522-4; 530-2 
Flatters, blacksmiths', I, 374-4 

designating size, IV, 286-5 

hardening, I, 376-5 

percentage of carbon in, I, 557-5 

steel for, 11, 274-7 
Flat thread rolling dies, VI, 261-5 
Flat turret lathe, VI, 3S0-4; 3S^-3 

double-spindle, VI, 355-2 

indexing mechanism, VI, 360-4; 362-7 

stop mechanism, VI, 361-2; 362-2 

taper turning device, VI, 189-7 

tool-holder for, VI, 344-4 
Flat-twisted drills, n, 471-2 

capadty, 11, 444-7 

socket for, IV, 431-4 
Flat wire, drawing, VI, 5x4-5 
Flax, spontaneous combustion, V, 480-7 
Flexible coupling, II, 230-2 

calculating stresses, n, 231-4 • 

endless bdt, II, 231-5 

for steam turbines, 11, 230-4 

Kennedy, IT, 230-5 

Swiss type, n, 23 x -2 
Flexible hoisting rope, VI, 52X-5 
Flexible mica, insulating value, IV, 61-5 
Flexible-shaft djmamometer, II, 5x7-2 
Flexible shafting, m, X56-7 

power transmitted by, m, 156-4 
Flexible tower poles, VI, 320-5 
Floating cores in castings, n, 28-2 
Floating of lead batteries, I, 259-7 
Floating reamer holders, V, 237-2 
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Floats (files), m, 120-4 
Floor flasks, IV, 4x2-4 
Floor molder, IV, 411-1 
Floor sand, IV, 4x1-5; 437-4 
Floors, fftctory, m, loo-j 

concrete. III, 157-r 

concrete, breakage on, m, 158-2 

concrete, hardening surface, m, 158-2 

concrete, preventing dust, in, 157-j 

concrete, repairs to, m, 158-2 

concrete, waterproof, in, 158-5 

concrete, wear of, III, 157-5 

concrete, wood-oovered. III, 158-4 

for forge shops, m, 159-2; 185-j 

for machine shops, m, 157-1 

granolithic, m, 157-1 

granolithic, repairs to, m, 158-2 

hardwood blodc, m, 159-1 

tar concrete, nX, 158-5 

wooden, 111, 157-J 
Floors for furnaces, HI, 233-4 
Floor space required, tiubines, VT, 58-1 
Floor stand, planer attachment, V, 91-4 
Flour abrasives, I, 5-5 
Flour emery, IV, 162-1 
Flow of air in pipes, I, 28-2 

effect of bends, I, 28-4 

effect of fittings, I, 29-2 

loss of pressure, I, 29-4 
Flow of steam in pipes, II, 303-4; V, 57-1 
Flow of water, VI, 443-5 

in pipes, VI, 443-5 

in stream, measuring, VI, 445-2 

measuring by miner's inch, IV, 409-5 

measuring by Venturi meter, VI, 436-4 
Flue-hole cuttos, demgnating size, IV, 286-1 
Flues, bofler, I, 444-5 

heading, VI, 341-j 

expanding, VI, 340-1 
Flues, Monier, IV, 194-4 
Flues, power plant, V, 135-4 
Fluid-compressed steel, VI, 63-1 
Fluid dradmi, VI, 464-5 
Fluid friction, IV, 332-2; 332-5 
Fluid measure, VI, 464-5 

apothecaries', VI, 464-5 
Fluid ounce, British, VI, 464-5 

United States, VI, 464-5 
Fluids, equilibrium, Pascal's law, IV, 34-2 

velocity of, measuring, Pitot tube, V, 91-5 
Flumes, life of, n, 305-5 
Fluoric add, specific gravity, V, 398-4 
Fluorine, m, X59-2 

melting point, IV, 335-' 
Fluor spar, hardness, m, 527-r 
Fluted chucking reamers, n, 108-4 
Fluted shell reamers, V, 362-2 
Flotes, m, X59-2 

depth of, in taps, VI, 210-1 

forged tap, VI, 210-4 

helical or spinl, in reamers, V, 243-5 

hob, angle of, V, 263-2 

hook, IV, 268-/; VI, 208-5 

number of, in gear hobs, IV, 14-5 

reamer, breaking up, m, 505-4; V, 241-4 

reamer, depth of, V, 243-2 

spiral, planing attachment for, V, 93-2 

straight or spiral in gear hobs, IV, 14-5 

worm gear hob, IV, 23-2 
Flottng, m, 159-2 

cutters by grinding, II, 290-j 

cutters, cutter for, IV, 407-4 

lubricant, IV, 253-4 

reamers, V, 240-4 

rose reamers, cutter for, EC, 109-2 

spring screw dies, 11, 377-2 

taps for brass, VI, 210-5 

taps for copper, VI, 210-5 

taps, hand, m, 508-2 

taps, machine, IV, 368-j 

taps, methods, VI, 219-1 



Fhiting, taps, pipe, V, 52-4 

taps, principles, VI, 207-5 

taps, tapper, VI, 194-j 

twist diiUs, n, 469-2 
Fluting cotters, VI, 208-5 

designating size, IV, 286-x 

double-angle, table, VI, 208-1 

for end-mills, IV, 378-5 

for reamers, V, 241-7 

for reamers, special, V, 243-2 

for spring-screw dies, II, 377-5 

for taps, VI, 208-/; 209-2 

for twist drills, 11, 468-j 

setting for milhng spiral cutters, IV, 371-/ 
Flux, m, 159-5 

arc welding, VI, 500-z 

blast furnace, I, 379-4 

borax used as, I, 457-2 

brass rolling mill, I, 497-4 

brazing, I, 501-5; 504-J 

conventions, electric, n, 530-4 

cupola furnaces, II, 278-/ 

density, symbol, V, 529-5 

electric sokiering, V, 397-2 

electrostatic, s}rmbol, V, 529-5 

hard soldering, V, 392-4 

magnetic, 11, 528-5 

magnetic, symbol, V, 529-5 

magnetic, unit of, IV, 327-j 

of electromagnet, 11, 529-4 

ore smelting, m, 159-4 

rosin as soldering, V, 391-4 

soft soldering, V, 391-1 

sokiering, m, 159-4; V, 387-4; 391-4 

soldering, aluminum, V, 394-1 

soldering, noncorrosive, V, 392-2 

sweating, VI, 139-5 

welding, m, 159-5; VI, 469-4 

welding aluminum, VI, 479-4; 480-x 

welding cast iron, VI, 478-2 

welding copper, VI, 479-1 

welding copper alloys, VI, 479-2 

weUing sted, HI, x88-i; VI, 477-r 

zinc castings, VI, 567-2 

zmc chloride for soldering, V, 391-5 
Fly-ball governors, VI, 19-1 

formulas, V, 3-5 

water turbine, VI, 453-4 
Fly cutter, m, 160-1 

for cutting worm-wheels, m, 371-4 

for generating forming tools, m, 319-4 

tempering, in, 519-4 
Flying-rope drive for cranes, 11, 255-2 
Flywheel equalizing sets, IV, 460-4 
Flywheels, in, 160-j 

air resistance, m, 172-2 

arms, m, 165-4 

automobfle engine, balancing, I, 208-1 

balance wheels, III, 161-j 

belt pulley. III, 162-1 

calculations, simplified methods, m, 
171-4 

cast-iron, HI, 162-4 

cast iron for, IT, 280-5 

cast stcd (steel casting), m, 164-1 

engine, calculations, III, 167-5 

engine, proportioning, VI, 35-4 

engines, rim dimensions, lU, 168-2 

for planers, HI, 172-4 

for presses, punches, and shears, m, 
170-1; 171-4 

friction-qnndle press, V, 162-5 

gas engine, calculations. III, 169-1 

jointed, III, i6x-i 

joints, calculation, IH, 166-2 

joints, special types. III, 165-2 

joints, types of, III, 164-5 

materials, m, 162-4 

molding, IV, 418-4 

object of, m, 160-5 
pulleys, III, 161-j; 162-j 



Flywheels, rim, radius of gyration, ITT, 
490-1 

rim stresses, m, 166-4 

rim thickness. III, 167-2 

rolling miU, in, 161-4 

safe speeds, m, 162-5; 163-2 

sheaves, m, 162-j 

split, in, 161-J 

steel-casting, m, 164-j 

steel-plate rim, m, 162-2 

tests, m, 165-2 

turning in turret lathe, VI, 373-5 

turning in vertical boring mill, I, 474-5 

types, m, 160-4 

wire-wound, m, 162-5 

wooden, in, 164-2 
Foaming in boilers, I, 399-1 
Focus of ellipse. III, 50-2 
Focus, shop photography, V, 14-5 
Folded over joints in sheet iron, V, 329-r 
Folders, advertising, standard sizes, n, 35-z 
FoUow-boards, patterns built on, IV, 546-2 
FoUow dies, n, 363-4 

locating punches in, n, 353-r 

"starting" stop for, VI, 83-4 
Followers for metal spiiming, V, 456-4 
Following up materials in shop, V, 168-2 
FoUow-rest, for grinding, V, 550-2 

for lathe work, V, 553-5 

for shaft turning, V, 341-5 
Foot, early history of, V, 540-J 
Foot, equivalents, VI, 463-4 

cubic, VT, 464-1; 465-4 

in metric units, VI, 465-5 

of water, VI, 464-4 

square, VI, 464-1 
Foot-pound, VI, i-i 

equivalent heat of, I, 506-4 

equivalents, V, 129-2 
Foot-power hithe, IV, 170-5 
Foot, quadric, V, 226^5 
Foot-treadle control, of drop-hammers, H, 
Soo-5 

of steam drop-hammers, n, 511-4 
Foot-valves, ptunp, V, 190-4 
Force, m, 173-j 

centrifugal, n, 43-5 

centrifugal, in flywheel rim, in, 167-1 

chemical, n, 93-2 

component, m, 173-1 

composition, ni, 173-r 

counter-electromotive, n, 225-5 

couples of, m, 174-j 

electromotive, n, 527-4 

electromotive, standardization rules, V, 
S28-5 

electromotive, symbol, V, 529-5 

electromotive, units of, II, 532-4 

electrostatic, n, 535-r 

for moving body on horizontal plane, m, 

174-^ 

in die-making, m, 56-2 

in mechanics, IV, 330-2 

magnetomotive, n, 529-5 

magnetomotive, symbol, V, 539-5 

moment of, IV, 201-5 

of a blow, I, 392-2 

parallel, in, 173-4 

parallelogram of, m, 173-2 

polygon of, in, 173-5 

resolution, m, 173-j 

resultant, in, 173-1 
Force arm, IV, 201 -2 
Forced draft for boilers, I, 413-r 

air pressure for, I, 384-5 

fans for, I, 413-5; HI, 107-2 
Forced fits, in, 145-2 

allowance, m, 145-4 

pressure for. III, 146-2 

record of, ni, 148-1 
Forced lubrication, I, 316-5; 318-2 
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Force-feed lubrication, gas and oQ engines, 

ni, 300-Z 
Force maldng, m, 174-2 

cast brass forces, m, 174-3 

copper forces, m, 174-3 

fitting, m, 176-2 

flat forces. III, 177-j 

hardening, m, 176-4 

lead forces, in, 174-2 

''matted" backgrounds, lU, 176-4 

precautions. III, 17 $-4 

relieving, HI, 176-2 

steel forces, hardened, III, 175-3 

steel forces, soft. III, 175-1 

tin forces, HI, 174-2 
Forcer for embossing die, m, 174-2 
Forces for embossing dies, m, 174-2 

brass, in, 174-J 

copper, in, 174-J 

fitting, ni, 176-2 

flat, m, 177-1 

hardening, IH, 176-4 

lead, ni, 174-2 

relieving. III, 176-2 

steel, in, 175-' 

tin, m, 174-2 
Forcing presses, IV, 35-3 
Ford plant piston ring practice, V, 89-5 
Fore-cooler, liquid-air plant, IV, 5x0-2 
Foreign patents, IV, 530-1 
"Foresight" in survejring, VI, 131-1 
Forgo, m, 177-1 

air pressure for, I, 384-3; ni, 179-3; VI, 

469-3 

arrangement of, m, i8»-2 

carrying off smoke, m, 178-4 

defects in, m, 17&-3 

for welding, VI, 469-3 

fuel oil required for, n, 484-1 

fuels for welding, VI, 470-2 

oil forges, ni, 179-3 

pipe sizes for. III, 179-3 

space required for, ni, 180-2 

tuyeres, in, 177-2 

water-pail, VI, 485-2 
Forged steel dies for drop-forgings, n, 479-2 
Forged tap flutes, VI, 2104 
Forged twist drills, n, 470-2 
Foige lathes, motor drive, IV, 450-1 
Forge pig iron, gray, V, 21-4 
Forge planers, horsepower, IV, 452-4 
Forge shop arrangomont and equipmont, 

m, 180-1 

anvils, ni, idi-i 
bar-stock racks, m, 185-2 
blowers, m, 184-2 
bulldozer, ni, 183-4 
floors, ni, 159-2; 185-1 
forges, in, 177-J ; 180-2 
forging machines, m, 183-4 
forging presses, in, 183-4 
furnaces, in, 184-4 

hammer foundations, m, i8o-r; 181-3 
hammers, m, 181-2 
hammers, drop-, in, 183-/ 
hammers, helve, m, 182-4 
hammers, pneumatic. III, 183-3 
hammers, steam, m, 181-4 
piping, m, 184-2 
power hacksaws, m, 186-1 
storage, ni, 185-2 
tool benches, ni, 185-4 
tool grinders, in, 186-r 
tool racks. III, 184-4 
vises, in, 185-4 
walls, m, 180- J 
washroom, ni, 186-2 
water supply. III, 184-4 
windows, in, 180-2 
Forge welding compared with electric, VI, 
492-2 



Forging (see also "Forgings"), ni, 186-2 
aluminum, I, 86-4 
ball blanks, I, 230-z; 231-3 
bolt ends, stock required for upsetting, I, 

4S6-I 
bolts, I, 450-2 
chain, by hand, n, 55-4 
dies (see "Forging dies"), n, 484-/ 
drop (see "Forging, drop"), n, 474-/ 
file blanks, IH, 114-3 
furnaces, in, 227-4; 255-1 
hammers, efficiency, m, 502-3 
high-speed steel, IV, 2-3 
machines (see "Forging machines"), m, 

187-j 
magnalium, IV, 287-4 
magnets, IV, 304-3 
manganese steel, IV, 323-4 
monel metal, IV, 430-2 
nickel steel, IV, 497-3 
nuts, IV, 498-2 
plant lor, H, 481-1 
presses (see also "Forging presses"), in, 

189-1 
twist drill blanks, n, 468-2 
Forging dies, II, 484-1 
for bolts and rivets, I, 452-4 
for string forging balls, I, 230-2 
steel for, n, 274-1 
Forging, drop, n, 474-j 
definition, m, 186-4 
development of process, II, 474-3 
dies, n, 479-1 
fin removal, n, 476-j 
limitations of process, n, 477-4 
limits of accuracy, n, 477-2 
materials for dies, II, 479-4 
methods of applying pressure on dies, n, 

476-4 

plant for, n, 481-j 

precautions, n, 480-4 

principles, II, 475-2 

selection of steel, n, 47&-3 

steel used, n, 478-j 

string method, II, 480-r 

treatment of steel and wrought iron, II, 
476-2 

typmg, n, 474-4 
Forging machinoa, m, 187-/ 

bolt, horsepower, IV, 453-2 

bulldozer, m, 188-4 

bulldozers, horsepower, IV, 452-2 

continuous-motion bolt and rivet, 1, 451-4 

continuous motion heading. III, 188-2 

dies, heat-treatment of, I, 82-4 

dies, sted for, I, 82-4 

general arrangement, ni, 187-j 

hammer bolt headers, m, 188-3 

nut, IV, 498-2 

nut, dies and tools for, IV, 500-2 

nut, hot-forged, IV, 499-2 

nut, hot-pressed center-feed, IV, 49S-2 

operation of dies, m, 187-2 

operation of heading tool, in, 187-2 

relief mechanism, III, 187-4 

types of bolt and rivet, I, 450-4 

universal, m, 188-2 

welding in, in, 188-1 
Forging plant, drop, n, 481-7 

air piping, n, 483-4 

comparison between board and steam 
drop-hanuners, n, 482-1 

die-sinking department, n, 481-2 

drop-hammers, n, 481-3 

fuel oil, n, 483-2 

hardening department, n, 482-3 

oil piping, n, 483-4 

oil tanks, n, 482-4 
Forging prosses, m, 189-1 

applications, m, 183-4; 192-3 

capacity, m, 184-/; 190-2 



Forging presses, comparison with steam 
hammers, in, 190-3 

double-crank, V, 155-4 

hydraulic, m, 189-1 

steam consumption, m, 191-3 

steam-hydrauUc, ni, 189-2 
Forgings, m, 186-2 

cold-trimmed, n, 486-1 

distortion due to clamping, n, 122-3 

drop, n, 474-1 

drop, dies for, n, 479-1 

drop, limitations in making, n, 477-4 

drop, limits of accuracy, n, 477-2 

drop, selection of steel, n, 478-3 

drop, steel for, n, 47&-1 

drop, strength of, n, 478-4 

drop, trimming dies for, n, 480-4 

machine for rolled, I, 226-4 

manganese-bronze, cost of, IV, 319-4 

pickling solution for, VI, 488-2 

steel for, n, 274-/ ' . 
Formed cutters (see "Formed milling cut- 
ters"), IV, 380-3 
Formod miUing cnttera, IV, 380-3 

definition, IV, 368-2 

designating size, IV, 286-j 

for bevel gears, I, 359-4 

for herringbone gears, m, 359-2 

for spiral gears, m, 357-4 

grindmg, n, 288-1 

grindmg attachments, n, 288-3 

inserted-tooth, IV, 385-3 

relieving, V, 261-2 

relieving attachments for, V, 25^-4 

tempering, m, 519-4 
Formcd-tool principle of cutting gear teeth, 
m, 331-4 

bevel gears, m, 347-4 
Formed tools (see "Forming tools ")f m, 

193-r 
Formed-whed type of gear grinder, in, 

383-^ 
Former, combination, for {xofiling, V, 174-3 
Former plate, indexing, for profiling, V, 

176-3 
Form factor, definition, V, 529-/ 
Form grinding, m, 447-2 

examples of, in, 454-4 

feeding merhanifan, in, 456-3 

feeding movement of wheel, m, 456-3 

lubricants, IV, 254-2 

multiple diameter, m, 455-2 

speeds, ni, 471-2 

wheels for, ni, 486-j 
Form-holders, wire forming, VI, 516-4 
Forming and chucking lathe, VI, 355-j 
Forming and drawing, lubricants for, n, 

410-4 
Forming, arch power press for, V, 151-4 
Forming diet, n, 368-4 

bending dies, I, 344-3 

die-bed for, II, 314-1 

drawing dies, n, 404-4 

ejecting work from, with ahr, V, 161-1 

lubricants for, n, 410-4 

precautions in making and using, n, 419-r 

setting up, n, 419-4 
Forming eyes on springs, V, 492-2 
Forming lathe, VI, 351-j 
Forming machine for ball blanks, I, 229-2 
Forming presses, IV, 35-r 
Forming slides, wire forming, VI, 516-3 
Forming tools, m, 193-1 

circular, 1, 150-4; in, 193- j 

circular, arrangement of, I, 152-3 

circular, application of, 1, 151-/ 

circular, calculations, in, 200-3 

circular, holding, 1, 151-4 

circular, making. III, 198-3 

drcuLir, side clearance, 1, 155-3 

circular, with top rake, in, 200-4 
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Fonnixig toob, concave, making, m, 201-1 

design, 1, 152-4 

design, provision for clearance, 1, 153-r 

design, top rake, I, 153-2 

dressing wheel lor grinding, m, 198-1 

feeds, 1, 1 54-1 

for B. & S. screw machine, 1, 154-j 

for gear-cutters, HI, 319-2 

for turret lathe, VI, 371-4 

gaging, m, 196-2 

grinding, HI, 195-5 

grinding angular surfaces, m, 195-4 

grinding curved surfaces, m, I97--2 

grinding curved surfaces, wheels, m, 
19&-2 

grinding to shape, m, 194-5 

grinding vertical surfaces, m, 196-5 

grinding, wheels for, ni, 195-2 

lathe, IV, 181-2 

rough-planing, m, 195-2 

speeds, 1, 154-x 

steel for, II, 274-2 

straight, m, 193-/ 

straight, calculations, m, 199-5 

straight, making, m, 193-4 

tangential. III, 193-2 

tempering, HI, 519-5 

types, m, 193-r 
Forming turret lathe, VI, 351-1 
Forming, wire, VI, 515-1 
Form milling, IV, 401-1; 403-4 
Form milling cutters (see "Formed milling 

cutters"), rV, 380-5 
Form milling madiine, I, 554-4; IV, 400-J 
Forms for concrete foundations, filling, m, 

208-5 
Forms for metal spinning, V, 454-4 
Form tools (see "Forming toob"), HI, 193-1 
Formula, Grant's, demonstration, V, 469-5 
Formula, Lewis, IV, 203-x 

applied to spur gears, V, 507-4 
Formula, prismoidal, IV, 342-5 
Formulas, m, 201-4 

equations, III, 67-5 

exponents in, m, 203-2 

graphic, in chemistry, n, 95-2 

in chemistry, n, 95-r 

omitting multipGcation signs in, m, 202-4 

order of operations, HI, 203-1 

roots in, III, 203-4 

Symbok used in, VI, 178-5 

transposition, lU, 204-5 

trigonometric, VI, 330-2 

use of, m, 202-1 

use of parentheses in, III, 202-4 
Fossil meal, heat insulating value, m, 542-5 
Foster radiation pyrometer, V, 226-2 
"Foucault" currents, n, 526-5 
Foundation bolts, pillar crane, n, 241-5 

planer, V, 108-2 
Foundations, m, 205-r 

adjustable leveling blocks for planers, m, 
209-2 

bearing capacity of soils and rocks, m, 
209-r 

bolt-head pockets, locating. III, 208-1 

cap-stones, leveling, m, 208-2 

concrete (see "Foundations, concrete"), 
ni, 205-J 

for chimneys, HI, 239-2 

for drop-hammers, n, 510-4 

for file-cutting machines. III, 113-2 

for foige shops, m, i8o-r 

for furnaces, m, 234-r 

for gas engines, m, 301-5 

for hydraulic accumulators, I, 18-5 

for pillar cranes, 11, 241-4 

for power hammers, HI, 181-5 

for stacks. III, 239-2 

for steam hammers, HI, 502-j 

machine-tool, HI, 209-2 



Foundations, machine-tool, concrete mix- 
tures for, HI, 205-4 

pits, preparing, HI, 206-2 

planer, V, 107-4 

planer, simple form, V, 108-2 

power plant, V, 131-1 

reference lines, HI, 206-5 

rubber-mat, HI, 210-2 

templets, HI, 206-5 

templets, locating, HI, 207-2 

transmission line poles, VI, 321-2 
Foundations, concrete, HI, 205-1 

application of concrete, HI, 206-j 

construction, HI, 20&-2 

effect of oO, HI, 206-2 

effect of weather conditions, HI, 206-2 

foundation pit, HI, 206-2 

mixing concrete, IH, 205-5; 206-j 

mixtures for machine toob, IH, 205-4 

planer, V, 107-4 

preparing concrete, HI, 205-5 

preparing lime mortar, HI, 205-2 

reinforcement, HI, 206-2 

templets, HI, 206-5 

testing cement, IH, 205-2 
Foundry, HI, 210-4 

Bessemer process in steel, I, 352-1 

brass, I, 491-1 

brass, fiirebrick for, HI, 139-1 

cleaning castings, IH, 213-5 

coke, II, 147-5 

comparison between brass and iron, I, 
491-2 

core making, H, 208-2 

cranes, H, 232-4 

cupob, H, 275-4; HI, 211-1 

cupola, air pressure for, I, 384-4 

cupola mixtures, H, 279-2 

eye protection in, HI, 91-4 

firebrick for, HI, 139-2 

flasks, IH, 212-2; IV, 412-5 

handling molten metal, IH, 21 1-5 

ladles, HI, 211-5 

melting metal, IH, 211-7 

molding, IH, 212-r; IV, 411-r 

molding, dry sand, IH, 212-2 

molding, green sand, HI, 212-r 

molding, loam, HI, 212-5 

molding machines, HI, 213-2; IV, 422-4 

molding, oddside and pbte, HI, 212-5 

permanent molds, H, 20-4 

pig iron, V, 21-4; 22-1 

sand-blast, HI, 213-4; V, 307-r 

steel (see "Foundry, steel"), VI, 66-1 

trade school, VI, 304-2 
Foundry, steel, VI, 66-j 

American Society for Testing Materiab 
heat-treatment practice, VI, 71-5 

annealing castings, VI, 70-5 

Bessemer process, VI, 67-2 

chills, VI, 70-j 

coal furnace, VI, 66-2 

coal hole, VI, 66-2 

crucible process, VI, 66-J 

defects in castings, VI, 72-2 

electric steel, VI, 68-5 

firebrick for, IH, 139-5 

gas furnace, VI, 66-4 

gates, VI, 70-1 

heat-treatment of castings, VI, 70-5 

Hdroult furnace, VI, 68-4 

Kjellin furnace, VI, 68-4 

Enipp furnace, VI, 67-1 

ladles, VI, 69-j 

molds, VI, 69-5 

oil furnace, VI, 66-4 

open-hearth process, VI, 68-z 

patterns, VI, 69-2 

Pennsylvania Railroad heat-treatment 
practice, VI, 71-' 

pouring the molds, VI, 70-2 



Foundry, steel, reverberatoiy furnace, H, 

31-4 

runners, VI, 70-J 

sink heads, VI, 69-4 

Stassano arc furnace, VI, 68-4 

Stock converter, VI, 67-4 

straightening castings, VI, 71-4 

welding defective castings, VI, 72-j 
Four-lipped boring tools, designating size, 

IV, 285-4 
Foumeyron turbine, VI, 448-2 
Four-speed planer countershaft, V, 100-2 
Four-stroke cyde engines, IH, 283-2 

Diesel, H, 371-j 
Four-valve engine, setting valve, VI, 414-4 
Fox lathe, IV, 179-J 
Fox planer, IV, 280-5 
Fox turret bthe, VI, 354-J 
Fractional threads, change-gears for, VI, 

247-5 
Fractions, common, square roots of, V, 520-5 

cube root of, H, 275-4 

decimal, square roots of, V, 520-2 

in algebra, I, 61-5; 64-2 
Frame construction for factory buildings, 

m, 96-2 
Frame core-boxes, IV, 541-2 
Framed work, pattemmaking, IV, 546-5 
Frame, pbtol, profiling, V, 175-2 
Frames, A. C. generator, HI, 391-j 

D. C. generator, HI, 399-5 

for guiding accumulators, I, 18-2 

gas engines, HI, 285-j 

hacksaw, designating size, IV, 286-5 

hydraulic presses, IV, 36-5 

l:^draulic riveter, V, 266-2 

locomotive, aligning with cylinders, I, 

147-4 

locomotive, assembling, I, 147-J 

punch and shear, design, V, 213-j 
Framework for switchboards, VI, 142-4 
France, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-4 
Frauds turbine, VI, 449-J 

runners, VI, 449-2 
Franklin Institute thread, VI, 265-2 
Freeze-out in blast furnace, I, 380-5 
Freezing mixtures, HI, 214-j 
Freight devators, worm gearing, VI, 549-J 
French-head machine screws, V, 325-j 
French polishing wheeb, V, 124-5 
French screw threads, VI, 275-5 

table, VI, 276-2 
French thermal unit, IH, 541-2 
Frequency, V, 528-4 

A. C. generator, HI, 395-J 

changers, IV, 461-j 

changers, switchboard control, VI, 151-4 

changes, induction motor, IV, 468-2 

converter, V, 531-5 

converter, regubtion, rules, V, 537-J 

for dectric lighting, H, 547-2 

for wdding, VI, 494-J 

indicators, VI, 148-j 

instruments for measuring, HI, 22-5 

low, synchronous motors, HI, 6-5 

meters, HI, 22-5 

of converters, H, 192-5 

symbol, V, 529-4 

transformer, VI, 307-4 
Fret-saw blades, designating size, IV, 285-4 
Friction, HI, 214-2 

and lubrication of bearings, I, 314-4 

angle of repose, HI, 214-5 

axle, crane, H, 245-2 

between bdts and pulleys, I, 335-4 

coeffident of, II}, 214-2 

coeffident of, for fiber and metal disks, 
HI, 2 1 7- J 

coeffident of, in brakes, I, 480-5 

coeffident of journal, IH, 216-2 
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FrictioD, coefficient of, table, m, 315-a 

effect of different oils on, III, 315-2 

fluid, IV, 332-2 

fluid, laws of, IV, 333-j 

in ball bearings, I, 209-4 

in ball bearings, sliding, I, 313-4 

in bearings, I, 306-3 

influence on efficiency oi nsachine ele- 
ments, m, 215-4 

in pipe lines, V, 57-j 

in roller bearings, V, 277-4 

journal. III, 216-1 

laws of, m, 2 14- J 

lubricants, m, 215-a 

of lubricated surfaces, I, 316-r; m, 
215-1 

of rest, or repose, m, 214-4 

on incUned plane, IV, 46-j 

rolling. III, 214-3 

screw, formulas for, V, 324-j 

sliding, IV, 332-j 

Thurston's experiments, m, 215-4; 216-1 

Tower's experiments, III, 215-j; 216-j 

wheel, crane, 11, 245-2 
Friction bar of drop-hammers, stop for, n, 

504-1 
Friction brakes, I, 480-j; 4S4-2 

for cranes, 11, 251-2 
Frictioii dutches, n, 133-3 

automobile, n, 141-2 

classification, n, 133-3 

cone, formulas, 11, 134-2 

disk, n, 134-1; 143-4 

for geared headstocks, V, 404-3 

for hoisting machinery, II, 136-4 

for power hammers, II, 144-2 

for power presses, n, 140-2; V, 157-2 

Hele>Shaw, 11, 143-2 

Johnson, II, 136-3 

machine shop, II, 135-3 

pneumatic, II, 143-4 

positive, n, 139-1 

types, n, 134-4 

with cork inserts, II, 144-3 
Friction cone countershaft, 11, 228-j 
Friction-dial and push feed, press, V, 159-4 
Friction-dial feed, press, V, 159-3 
Friction disk planer feed, V, 96-4 
Friction disks for cutting metal. III, 216-2 

for cutting threads, UI, 216-4 

friction saw, II, 294-3 

steel for, n, 274-2 
Friction disks, variable-speed, VI, 420-2; 

424-3 
Friction drill-holder, VT, 195-3 
Friction gearing, magnetic, VI, 426-2 
Friction gearing, variable-speed, VI, 423-j 
Friction head in pumps, V, 196-7 
Friction headstodcs, IV, 174-2; V, 407-4 
Friction head, velocity and pipe sizes, table, 

V, 196-3 
Friction load, steam engine, VI, 32-1 
Friction locking devices, 11, 130-4 

for handwheels, m, 5x1-3 
Friction loss, bearing, in electrical machines, 

V, 535-4 

Friction loss in air compressors, I, 43-j 
Friction ratchet gearing, V, 233-3 
Friction ratchet variable-speed mechanism, 

VI, 428-4; 429-^ 

Friction ratchet wrench, VI, 554-4 
Friction-redudng tapping chuck, VI, 196-3 
Friction rolls, on drop-hammers, drive for, 
II, 506-4 
oil guards, II, 507-2 
Friction saw, n, 294-3 
Friction screw press for die pressing, n, 

360-4 
Friction shaper, V, 349-3 
Friction-spindle press, V, 162-2 
Friction tap-holder, VI, 195-3 



Friction wheels for power transmission, m, 
217-1 
horsepower of, m, 2x7-2 
Frisby clutch, n, 135-4 
Frog-and-switch planer, V, 105-3 
Front-connected discoimecting switch, VI, 

159-^ 
Frosted effect, etching for, m, 70-4 
Frosted finish on medal dies, n, 358-4 
Frosting glass, V, 366-j 
Frosting (scraping), V, 320-3 
Frustum of cone, IV, 343-3 

center of gravity. III, 430-4 

developing, V, 359-3 

moment of inertia, IV, 58-3 
Frustum of pyramid, IV, 342-2 

center of gravity, m, 430-4 
Fuel bed of gas producer, passages in, m, 
316-2 

supporting, III, 316-2 
Fuel calorimeters, I, 539-4 
Fuel consumption of oil engines, m, 297-4 
Fuel-gas burners, UI, 232-3 
Fuelless (Bessemer) process, I, 350-2 
Fuel oils, m, 257-3 

advantages, V, 133-3 

advantages, for drop-forging plants, n, 

483-^ 

burners. III, 23X-2 

burners, operation, m, 23 2-1 

burning in boilers, IV, 502-2 

characteristics of, m, 219-4 

distillation of, m, 396-4 

effect of water in, HI, 220-r 

for forges and hardening furnaces, II, 
484-/ 

for forge shops, m, 184-4 

for furnaces. III, 230-2 

for oil engines. III, 297-2 

for power phmts, V, 133-2 

storage, IV, 505-4 

vaporizers for, m, 287-4 
Fuels, m, 218-1 

average weights and volume, II, 145-4 

composition of, 11, 169-4 

consumption due to boiler scale, I, 398-2 

dust, lU, 218-4 

for annealing xnalleable castings, IV, 308-3 

for blast furnace, I, 379-3 

for brass rolling mills, I, 497-2 

for Diesel engines, n, 372-4 

for furnaces, III, 230-1 

for gas producers, III, 315-3 

for japaiming ovens, IV, 95-4 

for open-hearth furnace, IV, 507-3 

for welding, VI, 470-2 

gas. III, 256-4 

oU (see "Fuel oils"), HI, 257-3 

oil engine. III, 296-4 

peat, V, 1-2 

petroleum, V, lo-j 

supply for gas engines, m, 304-4 

testing, for oil engines, m, 298-j 

used in internal combustion engines, m, 
296-7 

weights and;/olumes, V, 401-7 

wood, economy in gas producer, III, 314-2 
Fuel valve for Diesel engines, 11, 375-2 
Fulcrum, IV, 201-2 
Full-elliptic springs, V, 492-4 

formulas, V, 493-4; 494-' 
Fuller cell, I, 252-7 
Fullers, blacksiniths\ I, 375-2 

designating size, IV, 286-4 

in drop-forging dies, II, 484-3; 491-2 

steel for, 11, 274-7 
Fulminate of mercury, IV, 347-2 
Fulton roller bearing, V, 275-7 
Functions of angles (trigonometric), VI, 
325-2 

changes in value and sign, VI, 327-7 



Functions of angles (trigonometric), graphic 
iUustration, VI, 326-4 

use of tables, VI, 325-4 
Functions of management, IV, 311-7 
Furlong, equivalents, VI, 463-4 
Furnace brickwork, estimating, m, 240-2 
Furnace coke, 11, 147-3 
Furnace lining (brasque), I, 490-7 
FuniAces, m, 220-2 

air, malleable castings, IV, 307-2 

annealing, m, 222-2 

aimealing, cold-rolled sheet sted, II, 
157-^; 158-2 

annealing, firebrick for, m, 138-4 

annealing, malleable castings, IV, 308-2 

annealing, non-oxidizing, m, 223-3 

annealing, open-flame, in, 222-2 

annealing, "scale," II, 158-3 

arches, in, 235-2 

baking, m, 228-4 

billet heating, m, 228-3 

blast (see "Furnaces, blast"), I, 377-7 

boiler (see "Furnaces, boiler"), I, 408-3 

brass, firebrick for, IIE, 139-7 

brass foundry, I, 491-4 

brass, operating crucible, I, 495-2 

brass rolling mill, I, 497-2 

brickwork, m, 234-3 

brickwork, estimating, HI, 240-2 

burners, III, 231-2 

burners, fud-gas. III, 232-3 

burners, fud-oil. III, 231-2 

burners, operation, m, 232-7 

casehaidening, m, 262-3 

casehardening, American, II, 20-7 

casehardening, coal-burning, m, 263-3 

casehardening, gas and oil, II, 10-2 

casehardening, Giolitti, 11, 17-3 

casehardening, oil burning. III, 263-3 

casehardening, temperatures for, II, 9-4 

cementation, I, 382-7 

chimneys. III, 238-4 

coal for, m, 230-7 

coal, sted foundry, VI, 66-2 

coke for, HI, 230-7 

combustion chambers, m, 231-4 

converter, for Bessemer process, I, 350-3 

core ovens, m, 229-7 

counterweights. III, 237-3 

crudble, II, 271-2 

crudble hardening, m, 225-3 

crudble melting, in, 225-7 

cupola, n, 275-4 

cupola, firebrick for, ni, 139-2 

dampers, m, 237-3 

design, miscellaneous points, m, 233-4 

door linings. III, 237-7 

doors, in, 233-7 

double-end, in, 220-2 

drying, in, 228-4 

dectric (see "Furnaces, electric"), m, 
240-4 

enameling, m, 238-4 

end-fired, m, 221-2 

floors, in, 333-4 

forging, III, 184-4; 237-4 

foundations, III, 334-7 

foimdations for stacks, m, 339-2 

fuel oil for. III, 330-2 

fuels, ni, 330-7 

gas, ni, 356-2 

gas and oil, advantages of, ni, 360-3 

gas for, m, 330-3 

gas, for haiidening, m, 513-3 

gas medium, n, 157-4 

gas, modem types, ni, 357-4 

gas, steel foundry, VI, 66-4 

gas, temperature control of, m, 261-2 

handling work in, in, 333-2 

hardening, ni, 356-7 

hardening, for chain, n, 54-4 
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Fnraaoes, hardening, fud oil for, n, a&^-i 
haidcning, loiid fuel, III, 513-j 
heating, kerosene for, m, 257-3 
heating metal for extrusion, m, 87-4 
heating, xoDing mill, V, 283-1 
heating, surface oombustioD, VI, 126-j 
internally-fired, m, 222-1 
japanning, HE, 228-4 
Krupp, VI, 67-J 

locating thermo-couple in, V, 223-4 
malleable, firebrick for. III, 139-2 
metal wo^, m, 237-x 
melting, m, 224-j 
melting, crudble, m, 225-1 
melting, malleable castings, IV, 307-2 
melting, r e v erfacratoiy, m, 226-2 
oil and gas barmng, air pt ea sur e for, I, 

385-1 
oO-buming, m, 256-4 
<nl, for hardening, HI, 512-j 
oil, liquid heating bath, m, 261-j 
oil, modem tj^pes, m, 257-^ 
ofl, preasare of oil, m, 526-4 
on, sted f oondiy, VI, 66-4 
open-hearth, IV, 506-4 
open-hearth, fuds, IV, 507-j 
open-hearth, malleable castinea, IV, 307- j 
open-hearth, movable, VI, 68-2 
open-hearth, opezation, VI, 507-4 
operation. III, 229-2 
over-fired, m, 221-4; 257-2 
padL-hardeoing, Vlt 5x5-^ 
piping, m, 237-^4 
powdered ooal for, m, 230-j 
preheatiDg air for, m, 259-2 
producer gas for, m, £30-4; 317-3 
paddling, VI, 559-r 
rdractoiy materials, HI, 238-1 
reverberatoiy, IH, 226-2 
reverberatoiy copper, n, 205^4 
reverberatoiy, fird>rick for. III, 738-4 
reverberatoiy, for sted fotmdiy, II, 31-4 
rotary, m, 223-j 

round and square compared, in, 225-j 
dierardizing, V, 365-1 
side-fired, in, 220-2 
single-end, in, 220-2 
dze of, determining, lU, 232-4 
stacks, m, 238-j 
tempering, m, 264-4 
Thwaite's, n 27&-J 
tilting, m, 226-j 
twin, m, 258-j 
under-fired, ni, 22z-j; 257-^ 
walls, m, 233-2 

waste heat, utilization of, m, 239-j 
wdding, in, 227-4 
Whitmg, n, 276-2; 281-J 
wood as fud in. III, 231-1 
zinc, VI, 565-2 
Furnaces, blast, 1, 377-j 
air pressure for, 1, 384-4 
Mowing engines for, I, 390-5 
construction, I, 378^2 
copper, n, 205-2 
dectric,III, 2464 
flux, I, 379-4 
freeze-out, I, 380-3 
fud, I, 379-J 
gases, I, 381-2 
gases, burners for, I, 381-j 
gases utilized for gas engines, I, 381-4 
Gayley's diy-blast, I, 377-j 
general description, 1, 377-j 
heating the blast, I, 380-4 
history, I, 377-^ 
lead, IV, 194-2 
life of furnace lining, I, 379-1 
lime set, I, 380-5 
lining, I. 378-j 
nickd, IV, 490-2 



Furnaces, Uast, operation, I, 379-2 

sraffolding, I, 380-5 

slag, I, 380-1 

^slip" in operation, I, 380-j 

stoves for heating blast, I, 380^ 

tuyeres, I, 379-j 

water-coolers, I, 378-4 
Fnmaces, boiler, 1, 408-j 

ash-pit, 1, 409-J 

biidcwoik, 1, 4^09^1 

combustion chamber, 1, 408-j 

double4Ucfa type, 1, 410-2 

Dutch oven type, 1, 409-2 

fans for forced draft, I, 413-1 

fans for induced draft, 1, 4x3-4 

firebox, 1, 408-5 

firebrick for, 1, 409-1 

firing methods, 1, 41 1-5 

forced draft, 1, 413-1 

grate, 1, 408-5 

grate bars, I, 410-4 

grates, types of, 4X1-X 

induced draft, I, 414-r 

mftrhanical draft, I, 4x2-4 

smnkdfgw, 1, 410-2 

vertical boilers, I, 444-2 
Fomaces, electric, HI, 240-4 

advantages, m, 251-4 

arc, m, 241-1 

Baily, m, 254-J 

barium chloride in, I, 246^^ 

Uast, m, 246-2 

brass mdting m, 255-5 

dectrodes, protective coating for, m, 

246-4 

dectrometals, m, 244-2 

for aluminum production, I, 86-r 

for determining critical points, m, 522-5 

for hardening, m, 5x2-4 

for producing alozite, I, 83-5 

for produdng carborundum, I, 23-j 

general prindples, m, 240^ 

Girod, ni, 243-4 

hardening. III, 249-2 

heating. III, 23X-1 

n^roult, m, 43-2 

H6roult, in sted foundry, VI, 68-4 

Hoskina, m, 252-4 

induction, in, 247-r 

in sted foundry, VI, 68-4 

Kjdlin, m, 247-2 

Kjdlin, hi sted foundiy, VI, 6S-4 

operating costs, m, 252-2; 253-4 

operation, m, 245-4 

oven-type, m, 253-2 

producing caiborundum in, n, i-i 

Rennerfdt, m, 24X-4 

resistance, m, 248-5 

Rfidiling-Rodenbauser, m, 247-4 

salt-bath, m, 249-j 

Stassano, m, 24X-2 

Stassano, in sted foundry, VI, 68^^ 

sted mdting, HI, 248-j 

zinc smdting, HI, 255-2 
Fusd oil, specific heat, V, 40X-5 
Fuses, dectxic» m, 265-5 

cartridge, m, 266-2 

characteristics, m, 265-4 

^itni*n«iinn«, TTT, 266-4 

ezpulsbn, m, 267-1 

for lever switches, VI, 156-2 

holders, expulsion, ni, 267-4 

link, m, 266-/ 

phig, in, 266-4 

rating, in, 266-1 

terminak, m, 267-r 
Fusible alloys, m, 268-2; V, 388-2 

mdting points, V, 388-j 
Fuable cones for heat measurements, V, 

2x8-2 
Fusible plugs for boilers, in, 268-5 



Fusible plugs for boilers, allqy for, 1^ 372-12 
Fusing point, of alloys, IV, 336-x 

of fireclay, in, X36-4 

of metals, IV, 334-4 
Fusion, m, 268-5 

latent heat of, IV, X69-J 
Fusion process for aluminum production, I, 

85-2 
Fusion pyrometers, characteristics, V, 2x9^2 

Gadolinite, m, 70-5 

Gadolinium, m, 268-4 

Gage and size-block locating method, IV, 

219-2 
Gage-cocks for boilers, I, 446-4 
Gage line, British pipe taps, V, 45-4 
Gage plates for drawing die^ securing, n, 

419-J 
Gage pressure, V, X64-4 

manometer, IV, 326-2 
Gsges, m, 268-4 

Acme thread tool, VI, 239-j 

American wire, VI, 507-j 

angular, m, 273-2 

A. S. M. £., machine screws, VI, 273-4 

Birmingham wire, VI, 509-2 

British wire, VI, 5x0-1 

Brown & Sharpe wire, VI, 507-2 

car-whed circumference, m, 276-2 

cast-iron, m, 279-2 

center. III, 275-4 

construction, m, 278-5 

decimal, V, 356-2; VI, 508-5 

dqpth, ni, 274-2 

dial, II, 308-2; m, 275-r 

drill, manufacturers' standard, II, 469-r 

Edison wire, n, 526-5 

fixed, m, 269- J 

for aligning and assembling, I, 144-5; 

145-1 
for large diameters, m, 276-x 
for paralld surfaces, in, 27X-2 
for tap squares, VI, 218-4 
for testing lathe bed, I, X35-5 
for testing planer bed, I, X38-4 
gear hob centering, III, 346-r 
hdght, m, 274-2 
Imperial wire, I, 506-4; VI, 508-x 
indicating dial, m, 275-x 
xnsde rod, dfrignating size, IV, 287-x 
invar for, IV, 77-x 
jobbers' drill, K, 44X-X 
Johansson, III, 271-4 
Johansson, use of, in, 272-x 
key fitting, IV, 149-2 
Ihnit, in, 269-2 
limit, adiusts^le, in, 270-x 
limit, for recessed work, in, 274-5 
limit system, m, 270-2 
master, lapping, IV, X62-2 
master, U. S. thread tool, VI, 281-2 
pack-hardening, IV, 5x4-4 

pipe, V, 45--* 

I»pe, dimensions, VI, 27X-X 
plate, V, 1x9-2 
plug and riz^, m, 270-5 
plug and ring, allowances, m, 271-x 
plug, lapping, IV, X60-5 
reference, m, 27X-2 
ling, for slight tapers, m, 274-x 
ring, for taper taps, V, 53-5 
ring, lapping, IV, X60-5 
Russiariion, V, 300-4 
screw pitch, in, 275-4 
screw-thread, VI, 253-2 
screw-thread, tested by Bureau of Stand- 
ards, V, 544-x 
seasoning, V, 330-1 
sectional, UL, 273-x 
sheet metal, VI, 5xo>9 
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Gages, sheet zinc, VI, 566-j 

snap, ni, 269-7 

star interna], m, 276-2 

stop, turret lathe, VI, 367-2 

Stubs steel wire, n, 469-1; VI, 508-1 

Stubs wire, I, 506-4; VI, 508-1 

surface, VI, 127-1 

surface, designating size, IV, 286-4 

surface, electrical, VI, 127-2 

surface, setting, IV, 191-4 

Swedish (Johansson), m, 271-4 

systems, HI, 276-4 

taper, HI, 273-2 

tapers, slight, m, 274-j 

tested by Bureau of Standards, V, 544-1 

thread, VI, 256-4 

thread, for staybolts, VI, 257-4 

thread, reference, m, 272-4 

thread tool, VI, 283-j 

thread tool setting, VI, 244-2 

thread-tool, special, VI, 284-4 

thread tool, U. S., VI, 283-2 

tin plate, VI, 290-5 

tooth-testing, mitting cutter, IV, 381-2 

tubular, designating size, IV, 287-/ 

twist drill and steel wire, n, 440-4; 469-j 

U. S. thread, first made, VI, 265-j 

vernier scale, VI, 437-1 

wire and sheet metal, VI, 506-4 
Gaggers, IV, 413-1; 416-1 
Gagiiig, m, 268-4 

Acme threads, wire method, VI, 252-j 

angular forming tool. III, 196-2 

instrument, minimeter, IV, 409-4 

jig bushings, IV, 100-5 

keyway depth, when milling, IV, 151-1 

keyways, IV, 148-2 

keyway s in hubs, IV, 150-5 

measuring machhies, IV, 327-1 

shafts for key fitting, IV, 149-2 

sted balls, I, 238-4 

system. III, 276-4 

taper taps, V, 53-J 

thread tool points, VI, 283-1 

thread tool points with micrometer, VI, 
284-2 

thread tools with gear-tooth caliper, VI, 

284-5 

worm threads, wire method, VI, 252-4 
Galalith, HI, 279-2 
Galena, IV, 194-1 
Gallium, m, 280-j 

melting pomt, IV, 335-^ - 
Gallon, cylinder equal to, VI, 464-4 

history of, VI, 467-7 

Imperial, VI, 464-2 

of water, weight of, VI, 464-4 

United States, VI, 464-2 

U. S., in liters, VI, 465-4 
Gallows pulley, I, 333-5 
Galvanit process, m, 280-7 
Galvanized iron, III, 280-2 

aeroplane strand, I, 27-2 

articles, testing coating, m, 281-4 

pipe, weight, V, 24-4 

plates, oxy-acctylene welding, VI, 477-4 

soldering flux, V, 393-7 

wire gage, VI, 509-2 

wire rope, VI, 523-7 

wire rope, signal strand, VI, 530-2 

wire rope, table, VI, 524-5 
Galvanized steel, flux for soldering, V, 387-4 

sheet steel, V, 361-2 

solder for, V, 387-4 

wire strand, table, VI, 524-4 
Galvanizing, III, 280-5 

bath, m, 280-4 

sherardizing, 11, 232-2 

steel poles, VI, 320-4 

tests of, in, 47-1; 281-4 

wet, ni, 46-5 



Galvanometers, in, 15-4 

astatic, in, 16-7 

ballistic, lU, 16-2 

D'Arsonval, III, 16-5 

differential, III, 16-2 

reflecting, HI, 16-2 

reflecting, electro-dynamometer tjrpe, m, 
17-2 

tangent, m, 16-7 
Galvanometer shunt, m, 16-2 
Galvanoscopes, m, 15-4 
Gamma iron, IV, 78-4 
Gamma rays, V, 231-2 
Gang dies, II, 364-5 
Gang drills, II, 443-^; 4S7-' 
Gang milling, IV, 401-7; 403-5 

cutters, IV, 377-5 

cutters, use of, in automatic gear-cutting 
machines, III, 339-7 
Gang planing, V, 113-7 
Gang presses, V, 155-2; 155-3 
Gangue, IV, 85-5 
Gantry crane, II, 233-2 

in large power station, V, 133-2 
Gantt bonus plan, IV, 314-7; VI, 442-2 
Gap cutters for silent chain wheels, n, 72-5 
Gap frame presses, IV, 36-4 
Gap lathe, IV, 170-5; 177-2 
Gap rolling, VI, 335-2 
Gap sprockets, II, 77-1 
Garnet, I, 5-7 
Gamierite, IV, 489-4 

smelting, IV, 490-7 
Gas (sec also "Gases"), HI, 307-7 

as fuel, m, 220-2; 256-4 

as furnace fuel, IQ, 230-5 

blast-furnace, I, 381-2 

blast-furnace, burning, I, 381-5 

blast-furnace, for engines. III, 296-5 

burning in gas producers, HE, 312-4 

definition, m, 307-7 

generated in gas producer, control of 
quantity, m, 314-2 

ignition temperature, IV, 45-4 

illuminating, for welding, VI, 475-2 

illuminating, specific gravity, V, 399-2 

manufacture of, blower pressure for, I, 

385-1 
macsh, specific gravity, V, 399-2 
natural, for engines, HI, 296-2 
producer, composition. III, 315-5 
producer, effect of impure, in, 309-4 
producer, for brick kilns, m, 309-4 
producer, for engines. III, 296-2 
producer, for furnaces, III, 256-4 
used for metal cutting, VI, 482-7 
Gas and oil engines, m, 282-5 
accelerator, m, 286-4 
air-cooled systems. III, 299-2 
bearings, in, 285-4 
bearings, allowable pressures, I, 310-2 
blast-furnace gas, I, 381-4 
cams, ni, 285-4 
camshaft, ni, 285-4 
carburetors. III, 286-4 
care of, HI, 306-4 
compression relief, m, 285-4 
cooling sjrstems, ni, 298-4 
cooling water, anti-freezing mixture, m, 

299-4 
cooling water, consumption, m, 297-4 
cylinder, in, 285-2 
cylinder lubrication, IV, 246-5 
Diesel, n, 370-5; m, 284-5 
Diesel, starting, ni, 305-7 
flywheel, formulas for, in, 169-7 
^wheel, object of, HI, 160-5 
foundation, HI, 301-4 
four-stroke cycle, m, 283-2 
frame, HI, 285-7 
fuel consumption, in, 297-4 



Gas and oil engines, fuel oil for, HI, 397-2 
fuels, m, 296-7 
fuel testing, IH, 298-7 
gas for, m, 296-2 
gasoline, in, 293-4 
gasoline and heavy oil, comparison, m, 

290-4 
gasoline, carburetor, m, 286-4 
gasoline, flash point of lubricant, IV, 249-2 
gasoline for, in, 297-7 
gasoline, heating air or gasoline for, ni, 

287-5 
gasoline, needle valve, Whitworth thread 

for, VI, 268-5 
gasoline, portable t3rpe, ni, 293-4 
gasoline, starting in cold weather, ni, 

305-5 
gasoline, starting troubles, m, 304-7 
gasoline, trouble chart, m, 304-7 
gasoline, troubles after starting, ni, 

305-1 

Gn<nne, m, 294-2 

governing, m, 286-7 

historical review, in, 282-5 

horsepower, calculating, m, 295-4 

horsepower, rated, in, 301-2 

ignition systems, in, 289-4; IV, 302-4 

ignition troubles, ni, 303-7 

indicator card of Diesel, m, 296-7 

indicator card of Otto, in, 295-2 

installation, m, 301-5 

internal vaporizer type, in, 291-2 

Knight, m, 294-2 

Lenoir, in, 282-4 

life of, II, 305-5 

liquid fuels for, m, 296-4 

lubricants, in, 300-5 

lubricating oil consumption, m, 297-4 

lubrication, ni, 300-7 

magneto, IV, 301-2 

mixers. III, 289-2 

mixing valves for gas and air, ni, 289-5 

operating difficulties, m, 306-7 

Otto, m, 283-7 

piston, in, 285-2 

piston allowances, V, 79-7 

piston rings, V, 79-5 

piston rings, arrangement, V, 80-5 

power and speed, m, 294-4 

principal parts, in, 284-4 

revolving cylinder t3rpe, in, 294-7 

selection, in, 300-4 

sleeve-valve type, in, 294-2 

speed regulation, expressing, V, 537-2 

starting, m, 302-7 

starting troubles that prevent, m, 302-5 

stopping, ni, 306-5 

trouble chart, m, 304-7 

two-stroke cycle, m, 284-2 

typical, m, 291-2 

valves, in, 285-5 

valves, swaging, VI, 136-4 

vaporizers, ni, 287-4 

vaporizers for kerosene oil, m, 28&-7 

vaporizers for stationary, in, 289-7 

water-cooled systems, m, 29&-4 
Gas burners, Bunsen, I, 520-2 
Gas burners for furnaces, in, 232-5 
Gas casehardening, n, 15-4 

steel for, n, 20^2 
Gas coke, n, 147-5 
Gas engine blowers, I, 392-7 
Gas engines (see "Gas and oil engines"), 

m, 282-5 
Gases (see also "Gas"), m, 307-7 

absorbed by a liquid, measuring (absorp- 
tiometer), I, 6-5 

absorption of, I, 6-5 

argon, I, 124-4 

helium, in, 543-5 

hydrogen, IV, 44-2 
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Gases* krypton, IV, 157-^ 

laws govenung, HI, 307-1 

meMuring pccasure by manometer, IV, 
326-2 

neon, IV, 487-j 

nitrogen, IV, 498-1 

oxygen, IV, 509-^ 

perfect, HI, 307-r 

permanent, m, 307-1 

specific gravity, V, 398-4 

specific gravity, table, V, 399-2 

specific heat, V, 401-2 
Gas fixture taps and dies, m, 307-a 
Gas fixture thread, VI, 277-j 
Gas flame, casehardening by, VI, 482-4 

for cutting metals, VI, 481-2 

local hardening, VI, 482-4 

welding, VI, 472-2 
Oas flame wading, VI, 472-2 

acetylene, VI, 474-4 

aluminum castings, VI, 479-4 

aluminum, sheet, VI, 479-3 

aluminum-zinc alloys, VI, 480-3 

apparatus, VI, 474-4 

applications, VI, 47 2- j 

beveling work, VI, 475-j 

blow-holes, fiUing, in brass and copper, 

VI,479-J 
boiler repairs, VI, 477-j 
brass, welding, VI, 479-2 
bronze, welding, VI, 479-2 
cast iron to sted, VI, 478-1 
cast iron, wdding, VI, 478-1 
copper alloys, welding, VI, 479-1 
copper to steel, VI, 479-1 
copper, welding, VI, 478-4 
(ylindrical vessels, VI, 480-4 
equipment, VI, 472-4 
galvanized plates, VI, 477-5 
high-speed steel to machine steel, VI, 

477-4 

hydrogen, VI, 475-2 

illuminating gas, VI, 475-2 

malleable iron, VI, 478-4 

metal cutting, VI, 481-2 

oxygen, VI, 474-4 

preheating, VI, 475-4 

preparing work, VI, 475-J 

sheet-metal vessels, VI, 480-4 

sheet steel, VI, 477-2 

spots in welding, VI, 478-1 

steel castings, VI, 477-2 

steel, wekiing, VI, 476-4 

tanks and retorts, VI, 480-4 

tin plate, VI, 477-4 

tool steel, VI, 477-4 

torch adjustment, VI, 476-2 

torches, VT, 473-1 

welding, directions for, VI, 47^-' 

welding materials, VI, 476-r 
Gas fuel, HI, 220-2; 256-4 
Ota fnnacea, m, 260-5 

air pressure for, I, 385-1 

burners, HI, 256-j 

casehardening, 11, 10-2 

hardening, m, 5x2-5 

"medium," II, 157-4 

modem tjrpes, ill, 257-4 

simple type, HI, 256-2 

steel foundry, VI, 66-4 

temperature control, III, 261-2 
Gashing, m, 307-4 

worm-wheels, HI, 329-5; 370-x 
Gas-house carbon, heat insulating value, 

m, 542-4 
Gas Institute specifications for cast-iron 

pipe, V. 24-1 
Gaskets and gasket retainers, m, 308-1 
compositions for, 11, 37-4 
fini^iing flanges for, HI, 308-2 
for superheaters, VI, 125-4 



Gaskets and gasket retainers, materiab for, 

m, 308-1 
Gas mantles, ceritun used for, II, 44-z 
Gas oil, ignition temperature, IV, 45-4 
GaaoUne, m, 297-1 

engines. III, 282-5; 293-4 

for lapping, IV, 167-j 

heating for gast^iiie engines, HI, 287-5 

Iqrdrometer test, HI, 297-r 

specific gravity, V, 398-4 

substitute for, m, 298-5 

warming in cold weather, m, 306-r 
Gasoline engines (see "Gas and oil engines")* 

m, 282-5; 293-4 
Gas ovens for japanning, IV, 95-4 
Gas piping, furnace, m, 237-4 
Gaa prodocera, m, 309-1 

action, m, 314-5 

application in power pkmts, m, 317-2 

application to furnace heating, m, 317-5 

ash disposal, m, 312-5; 315-4 

charging, m, 314-2 

chemistry, in, 314-4 

coking, ni, 316-r 

combined up-and-down-draft suction, m, 

311-5 
control of quantity of gas generated, m, 

314-^ 
cost comparisons, m, 317-r 
down-draft pressure, m, 310-2 
down-draft suction, m, 311-r 
down-draft suction, advantages, m, 

314-' 

down-draft suction, operation, HE, 314-5 

down-draft suction, typical, IQ, 313-4 

effect of air in. III, 315-j 

effect of steam in, m, 315-2 

efficiency, m, 315-2 

fuels, m, 315-5 

gas burning in, m, 312-4 

grates, EQ, 316-2 

heat losses, m, 316-4 

passages in fuel bed, m, 316-2 

rating, HI, 317-2 

shutting down, HI, 312-4; 313*5 

starting. III, 3x2-4 

supporting fuel bed, m, 316-2 

tar disposal, m, 316-5 

tar extractors, in, 310-5 

types, m, 309-2 

up-draft pressure, m, 309-5 

up-draft pressure, operation, m, 312-r 

up-draft pressure, typical. III, 311-5 

up-draft suction, ED, 310-2 

up-draft suction, operation, HI, 313-1 

up-draft suction, typical, HI, 312-4 

wood fuel for, HI, 314-2 
Gas pump, Humphrey, V, 212-2 
Gas pyrometers, V, 219-r 
Gas turbines, HI, 317-4 

explosive, HI, 319-x 

first built. IH, 318-5 

impulse, IH, ^319-2 
Gated patterns, IV, 549-5 
Gate of drop-forgmg die, H, 489-5 
Gates in molds, IV, 413-4 

skimming, IV, 414-2 

steel foundry practice, VI, 70-1 
Gate valve, VI, 384-5 
"Gathering locomotives," mine, IV, 439-1 
Gauss, H, 529-5; m, 319-2 
Gayley's dry-blast furnace, I, 377-5 
Gear, see "Gears" 
Gaar-bozea, V, 402-5 

boring, drilling, and tapping machine, V. 

41s-/ 
cam milling machine, V, 432-4 
change-gear, lathes, V, 408-2 
cylindrical grinding machine, V, 432-5 
drilling machine, V, 4x3-2 
high-power drill, V, 414-2 



Gear-boxes, horizontal milling machine, V, 

423-5 

lathe, circular type, V, 411-4 

milling machine, V, 423-5 

milliiig machine feed, V, 423-5; 425-2 

multiple-spindle drill, V, 416-2 

radial drill, V, 414-4 

sensitive drill, V, 415-4 

shaper, V, 420-2 

sliding gear and dutch type, V, 410-4 

sliding-key type, V, 409-4 

sliding worm-wheel type, V, 411-2 

turret lathe, V, 412-4 

upright drills, V, 413-2 

vertical milling machine, V, 425-5; 428-2 
Gaar-cttttera, HI, 320-4 

addendum, HI, 321-5 

chordal thickness, HI, 321-5 

designating size, IV, 286-1 

for bevel gears, HI, 326-4 

forming tools for, IH, 319-2 

for spur gears, IH, 322-2 

grinding, H, 288-4; HI, 321-2 

high-speed sted, hardening, IV, 3-2 

relieving attachments for, V, 258-4 

setting for bevd gears, HI, 326-4 

stepped, HI, 322-1 

stocking, HI, 321-4 

stub teeth, VI, 112-4 
Gear cutting, HI, 322-2; 331-2 

abrasion method, IH, 334-5 

abrasion method, bevd gear, HI, 350-4 

attachment, for large ^ur gears, HI, 

324-5 
bevd gears, HI, 326-2 

feed, V, 441-5 

feed for bobbing, V, 441-4 

feed, tables, V, 442; 443 

grinding method, HI, 334-5 

grinding method, bevd gears, HI, 350-4 

Hindley worm-gear, IV, 11 -2 

bobbing, internal gears, IH, 347-1 

bobbing process, IH, 343-/ 

bobbing process for ratchet and splines, 

IV, 12-5 
hobbing vs. milling, IV, 19-1 
hobs, for spiral gears, IV, 13-4 
hobs, for spur gears, IV, 13-4 
hobs, for worm-gears, IV, 22-5 
impression method, HI, 333-4 
impression method, bevd gears, HI, 

350-2 
in milling machine, IH, 322-2 
intermittent gears, IV, 73-2 
internal gears, IH, 346-5 
machines, see "Gear-cutting machines" 
methods, IH, 333-5 
milling method, HE, 334-5 
milling method, bevd gears, IH, 350-4 
milling method, spiral gears, HI, 357-4 
planing method, EH, 334-2 
planing method, bevel gears, HI, 350-2 
planing method, spiral gears, HI, 360-2 
rolling method, HI, 333-4 
shaping method, IH, 334-2 
shaping method, bevel gears, HI, 350-2 
shaping method, spiral gears, HI, 357-/ 
skew bevd gears, V, 371-^; 373-1 
speeds, V, 441-2 
speeds, tables, V, 442 
spiral bevd gear, V, 474-5 
spiral gears, HI, 324-4 
spur gears, HI, 322-2 
worm-gears, HI, 329-5 
Gear-cutting machinea, HI, 331-2 
automatic, capadty, IV, 19-1 
automatic, indexing mechanism, HI, 

335-^ 
bevd gear, HI, 347-2 
bevel gear, automatic, IH, 351-2 
bevd-gear generatmg, HI, 353-j 
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Gear-cutting machinfgi, bevel-gear planer, 
in, 353-^ 
bevel gear roughing, m, 354-2 
bevel-gear shaper, III, 354-j 
bevel-gear templet planing, m, 352-5 
bevd, spiral type, HI, 355-5 
classification, III, 331-j 
describing-generating principle, m, 333-J 
designating size, IV, 285-2 
feed trip, VI, 92-1 
first built, IV, 281-4 
formed tool principle, HI, 331-4 
formed tool principle, bevd gear, m, 

347-4 
formed tool principle, qnral gears, m, 

formed tool principle, worm-gear, m, 

370-1 
gear shaper, m, 341-1 
gear shaper, rack-cutter type, m, 342-4 
herringbone gear, m, 356-4 
herringbone gear bobber, IQ, 367-4 
herringbone gear, milling, HI, 359-2 
hobbing (see also ''Gear-hobbing ma- 
chines"), HI, S4S-2 
horsepower, IV, 452-j 
internal gear, HI, 346-4 
methods of operation, EH, 333-5 
methods of operation, bevd gear, HI, 

350-2 
molding-generating machines of shaper 

type, HI, 340-4 
molding-generating milling or hobbing 

machine, HI, 343-1 
molding-generating prindple, HI, 333-2 
molding-generating prindple, bevel gears, 

ni, 349-r 
molding-generating ];>rindple, spiral gears, 

HI, 360-2 
molding-generating prindple, worm- 
wheels, HI, 370-5 
odontographic principle, HI, 332-4 
odontographic prindple, bevel gear, HI, 

348-4 
prindples of action, HI, 331-4 
prindples of action, bevel gear, HI, 347-4 
prindples of action, spiral gears, HI, 

356-4 
rack, V, 228-j 

reversing mechanism, VI, 89-4 
q>iral gear, HI, 356-4 
spiral gear, automatic, HI, 359-4 
spiral gear bobber, HI, 361-5 
spiral gear bobber, change-gears for, HI, 

363-4 

spiral gear milling, HI, 357-4 

spiral gear planer, HI, 360-4 

spiral gear shaper, HI, 361-1 

spiral gear, shaper attachments, HI, 357-r 

spiral-type bevel gear, IH, 355-5 

spur gear, HI, 334-4 

spur gear, automatic, HI, 335-2 

spar gear, automatic, change-gear me- 
chanism, HI, 336-4 

spur gear, automatic, operating, HI, 337-2 

spur gear, large, IH, 339-2 

spur-gear planer, HI, 339-5 

spur-gear slotter, HI, 340-4 

templet prindple, HI, 332-5 

templet principle, bevd gear, IH, 348-5 

worm, HI, 356-4 

worm, automatic threading lathe, HI, 

357-4 
worm, cut in lathe, HI, 357-2 
worm, thread milling machine for, IH, 

374-J 
worm-whed, IH, 369-4 
worm-wheel, fly-tool method, HI, 371-4 
worm-wheel hobbing, IH, 371-1 
worm-whed hobbing, gearing for, HI, 

371-1 



Gear-cutting machines, worm-wheel, using 

tapered hob, IH, 373-1 
Geared countershaft, H, 228-2 
Geared drives, IV, 277-2 
Geared hand-drills, designating size, IV, 

286-2 
Geared-head drive, IV, 270-4 
Geared-hcad lathe, IV, 170-2; 174-2; V, 

402-5 
Geared lathe headstocks, V, 402-5 

motor-driven, V, 406-2 
Geared pumps, for lubricants, IV, 257-2; 

257-5 
for cooling of engines, IH, 299-2 

Geared shaper, V, 343-^; 349-J 
Geared-sleeve drill chuck, H, 429-5; 431-2 
Geared slotter, V, 381-5; 384-2 
Geared qpeed-changing mechanisms, V, 
402- J ; VI, 430-2 

planer, V, 100-5 

shaper, V, 348-4 
Gear-hobbing machines, HI, 343-2 

adjustment for cutting spai gears, HI, 

344-J 
anguhr position of hob, IH, 346-j 

axial movement of hob, IH, 346-2 
capadty, IV, 19-r 

centering hobs for spur gearing, HI, 345-5 
change-gears for, IH, 344-4; 345-' 
di£ferential mechanism, advantage of, HI, 

366-4 

for Hindley gears, IV, 12-r 

for spiral gears, HI, 361-5 

for spiral gears, change-gears, IH, 363-4 

gage for hob centering, HI, 346-/ 

general design, IH, 343-5 

herringbone, HI, 367-4 

position of gear blank, HI, 346-J 

relative speed of hob and gear, IH, 344-4 

setting for depth of tooth space, HI, 346-2 
Gearing, see "Gears" 
Gear mechanism, differential, VI, 423-2 
Gear molding machines, IV, 427-1 
Gear planer, bevd, HI, 353-2 

spiral, HI, 360-5 
Gear racks, V, 227-5 

cutting, V, 227-4 

straightening, V, 230-5 
Geart, V, 501-5 

bevel (see also "Gears, bevd"), I, 352-5 

bevel dcew, V, 367-2 

blanks, annealing, HI, 374-4 

blanks, multiple tool for, VI, 349-1 

box, see " Gear-boxes" 

bronze, English, I, 518-2 

bronze for, I, 71-4 

bronze. Stone's English, I, 70-4 

cast iron for, H, 280-4 

change-, for hobbing worm-wheds, HI, 

371-1 
change-, for thread cutting, VI, 246-2 
chucking, for grinding, IH, 466-2 
Citroen, HI, 544-2 
dash, material for, V, 515-5 
compound, IH, 388-J 
compound, for thread cutting, VI, 247-2 
cone of, variable-speed, VI, 431-2 
crane, H, 256-J 
crane, materials, H, 25&-1 
crane, shrouded, H, 256-4 
crane, strength of, H, 256-2; 257-1 
crown, I, 358-1 
cutters (see also "Gear-cutters"), HI, 

320-4 
cutting, see "Gear cutting" 
cutting, machines for, see "Gear-cutting 

nuudiines" 
depreciation, H, 305-2 
diametral pitch, H, 308-5 
differential, IH, 64-j 
differential, variable-speed, VI, 433-4 



Gears, drawings, H, 426-4; V, 5x6-5 

durability, V, 509-4 

eccentric, H, 518-5; HI, 64-j 

efficiency, IH, 215-4 

elliptic, HI, 50-1 

epicydic, HI, 64-1 

epicydic, variable-speed, VI, 433-4 

equivalent spur, I, 354-1 

finishing hole by broaching, I, 5x1-5 

friction, variable-speed, VI, 423-1 

Geneva stop, HI, 406-2 

guards for, V, 301-2 

half-elliptic, HI, 52-4 

hardness testing, IH, 376-/ 

heat-treatment, see "Ciears, heat-treat- 
ment" 

herringbone, HI, 544-1 

Hindley, IV, 7-4 

Hindley spiral, IV, 8-2 

bobbed and milled, interchangeability, 
IV, X5-5 

hobbing, see "Gear cutting" 

hyperboloidal, V, 368-j 

intermittent, IV, 72-2 

internal, IV, 75-5 

internal bevel, IV, 76-2 

internal intermittent, IV, 74-2 

lathe, for spring winding, V, 487-j 

Lewis formula, IV, 203-/ 

limits for, table, V, 516-4 

lubrication of loose, I, 293-1 

machine tool, HI, 376-5 

materials, V, 51 1-5 

miter, I, 356-1 

molding, machmes for, IV, 427-1 

nickd steel, IV, 497-r 

oval (elliptic), HI, 50-r 

phosphor-bronze, V, 12-2 

{ntch diameter of, for given speed, HI, 

387-4 
planetary, HI, 64-J 
planetary, variable-speed, VI, 433-4 
price of, formula, V, 511-2 
rack, V, 227-5 
ratchet, V, 232-5 
ratio of, HI, 386-4 
rawhide, V, 234-2 
rolling mill, V, 281-4 
rolling teeth in, HI, 333-4 
skew bevd, V, 367-2 
sliding, VI, 430-5 
speeds of, calculating, IH, 387-4 
SfxraJ, see "Gears, spiral" 
spiral bevd, V, 470-4 
spar, see " (jean, spur" 
stub-tooth, VI, IX 1-5 
testing and measuring, HI, 381-2 
tooth, teeth, see "Gear tooth" 
train of, IH, 386-5 

train of, power transmitted by, VI, 504-2 
translating, for metric threads, VI, 248-2 
tumbler, VI, 341-4 
tumbler, direction of tooth pressure, VI, 

342-' 
weight of, formubi, V, 51X-2 
worm (see also " Gears, worm"), VI, 54X-2 
Wuest herringbone, HI, 544-2; 547-2 
Geara, bevel, I, 352-5 
acute-angle, definition, I, 352-4 
acute-angle, formulas, I, 356-2; 357-5 
attachment for turning, VI, 188-5 
bearing pressures, 1, 362-4 
blanks, I, 364-2 

calculations, examples of, I, 354-4 
crown, definition, I, 353-J 
crown, formulas, I, 358-j; 358-4 
cutting, see "Cyear cutting" and "Gear« 

cutting machines" 
cutting in milling machine, IH, .326-2 
definitions of terms, I, 353-2 
design, I, 364-2 
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Gears, bevel, drawings, I, 364-^ 
drawings for gears with planed teeth, I, 

365-4 

formed cutters for, I, 359-4 

formulas, I, 354-2 

hardening machine, m, 381-2 

holding for grinding, m, 467-j 

horsepower transmitted, I, 361-2 

intermittent, IV, 74-2 

internal, I, 352-2 

internal, formulas, I, 358-2; 359-1 

internal, how to avoid, I, 359-1 

involute teeth, I, 359-2 

long addendiun, I, 366-2 

materials for, I, 360-2 

miter, I, 352-4 

miter, formulas, I, 356-j 

obtuse-angle, I, 352-4 

obtuse-angle, formulas, I, 357-1; 357-4 

octoid teeth, I, 359-5 

right-angle formulas, I, 355; 356-j 

spiral type, I, 367-^; V. 470-4 

strength, I, 361-7 

strength, simplified formulas, I, 362-1 

thrust, pressures of, I, 363-4 

tooth forms, special, I, 360-1 

tooth-shape, I, 353-4 

tooth systems, I, 359-2 

Tredgold's approximation, m, 347-j 

turning lathe for, IV, 179-3 

types of, I, 352-4 
Gear thaper, in, 341-1 

bevel, in, 354-j 

clearance of gears cut on, V, 505-2 

cutting internal gears. III, 347-1 

indexing mechanism. III, 342-1 

operation. III, 341-5 

rack-cutter type. III, 342-4 

relieving mechanism, IQ, 342-2 

spiral, in, 361-1 
Gears, heat-treatment, m, 374-4 

annealing, m, 374-4 

bevel gears, machine for, m, 381-2 

Boston Gear Works methods, in, 379-4 

casehardened vs. oil-hardened gears, ni, 
376-2 

casehardening, n, 12-4; m, 375-/; 381-/ 

casehardening, equipment for, m, 378-i 

cost of equipment, in, 379-4 

for machine tools. III, 376-j 

hardness testing, in, 376-r 

kinds of heat-treatments, m, 380-/ 

local hardening. III, 378-2 

oil tempering. III, 375-3 

quenching baths. III, 379-1 

sand-blasting. III, 376-/ 

tempering baths, III, 379-J 

tests on gears. III, 380-4 
Gear-slotting machine, in, 340-4 
Gears, spiral, V, 461-2 

bevel type, I, 367-^; V, 470-4 

calculating dimensions, V, 462-r 

center angle, V, 461-2 

cutters for milling teeth, V, 467-4 

cutting, see "Gear cutting" and "Gear- 
cutting machines" 

cutting in milling machine, in, 324-4 

designing, procedure, V, 468-2 

diametral pitch, V, 461-4 

for cranes, II, 256-4 

formula for selecting cutter, demonstra- 
tion, V, 469-j 

Giant's formula, demonstration, V, 469-j 

graphical method of solution, V, 463-3 

herringbone. III, 544-7 

lead, V, 462-7 

pitch diameter, V, 461-3 

rules and formulas, V, 467-7 

shafts at 45^ angle, V, 469-7 

shafts at any angle, V, 469-2 

shafts at right angles, V, 469-7 



Gears, spiral, shafts, parallel, V, 469-7 

thrust diagrams, V, 468-2 

tooth angle, V, 461-3 

tooth angles, rules for, V, 469-7 
Gears, spur, V, 501-3 

anns, design, V, 516-7 

brass, V, 512-3 

bronze, V, 512-3 

cast-iron, V, 511-3 

cast-iron and steel compared, V, 514-3 

cast-iron, safe tooth pressure, V, 5x4-4 

cast steel, V, 51X-4 

dash gears, material, V, 515-3 

cloth, V, 512-4 

cutting, see "Gear cutting" and "Gear- 
cutting machines" 

cutting in milling machine, m, 322-2 

cycloidal, V, 518-7 

design, V, 515-3 

diagram, n, 306-7 

drawings, II, 426-4; V, 516-3 

durability, V, 509-4 

efficiency, V, 510-7 

fiber, V, 512-4 

formulas, V, 502-3; 503 

gear tooth parts, tables, V, 504-1; 505-3 

involute, V, 517-3 

laminated, V, 513-4 

Lewis formula, V, 507-4 

limits, V, 516-4 

line of action, V, 5x9-7 

long addendum, I, 366-3 

machines for cutting, in, 334-4 

machine tool drives, V, 514-3 

materials, V, 51 1-3 

metric system, V, 507-2 

micarta, V, 5x3-2 

module system, V, 507-2 

paper, V, 5x3-4 

pressure angles, V, 518-4 

price, formula, V, 5x1-2 

principles, V, 50X-3 

racks, materials, V, 5x4-2 

rawhide, V, 512-3 

rules and formulas, V, 503 

steel, V, 5x2-7 

steel and cast-iron, compared, V, 514-3 

steel, grades, V, 5x5-7 

steel, heat-treatment, V, 515-7 

strength, V, 507-3 

strength, rules and formulas, V, 508-7 

strength, amplified formulas, V, 5x0-4 

terms used, V, 50X-4 

tooth proportions, illustration, V, 506-7 

tooth systems, V, 5x7-2 

velocity, effect of, on strength, V, 5x0-2 

weight, formula, V, 5XX-2 

width of face and pitch, relation, V, 509-7 
Gears, worm, VI, 54X-2 

cutting, see "Gear cutting" and "Gear- 
cutting machines" 

gbboid, IV, 8-2 

Hindlcy, IV, 7-4 

hobs for, IV, 22-3 

lubricants, IV, 251-2 
Gear tooth, V, 517-2 

addendum, in, 32X-3 

areas of gear tooth qxioes, m, 324-3 

caliper, in, 323-2 

caliper, designating size, IV, 286-4 

caliper, measuring thread tool points with, 

VI, 284-3 
chamfering, in, 381-3 
chamfering, in drilling machines, in, 

382-2 
chamfering machine, in, 38X-4 
chamfering with hollow milling cutters, 

in, 382-3 
chordal thickness, m, 321-3 
chordal thickness, measuring, in, 324-7 
cutters for. III, 320-4 



Gear tooth, cycloidal, V^ 518-j 

dimensions, table, V, 504-7; 505-3 

grinding. III, 382-3 

grinding madiine, m, 383-2 

hunting tooth, IV, 33-4 

involute, V, 5x7-3 

metric or module, V, 507-2 

octoid, IV, 50X-3 

odontograph for, m, 427-2; IV, 501-4 

pitch, V, 9X-3 

principles of. cutting, m, 331-4 

rolling, m, 333-4 

rolling mill, V, 28X-4 

stioigth, V, 507-3 

stub- and ordinary compared, VI, 11 2-4 

systems, V, 5x7-2 

variations from involute shape, IV, 15-4 
Gear tooth grinding, m, 382-3 

machine, beveled traversing wheel type, 
ni, 386-2 

machine, double-wheel tsrpe, ni, 385-3 

machine, formed-wheel type, ni, 383-2; 

384-^ 
machine, generating process type, m, 

384-4 

methods used, m, 382-4 
Gear trains, m, 386-3 
Gem lamp, n, 544-4; 545-3 
Generating circle of cycloid, IV, 341-2 
Generating hob-tooth shapes, IV, 17-2 
Generating index plate, II, 39 x -2 
Generating principle of cutting gear teeth, 

in, 33X-7 
Generating process, gear-tooth grinding, 

m, 384-4 
Generating tjrpe double-wheel gear grinder, 

in, 385-3 
Generator, n, 513-3 

acetylene, I, X9-2 

acetylene, British types, I, 2X-3 

acetylene, high-pressure, I, 20-3 

acetylene, low-pressure, I, 21-2 

acetylene. Navy type, I, 2x-2 

acetylene, portable, I, 2X-2 

acetylene, safety requirements, I, 22-2 

acydic, I, 26-3 

alternating current, see " Generators, 
A. C." 

bearings, allowable pressures, I, 3x0-2 

capadty for dectric drive in machine 
shops, IV, 443-2 

compared with motor, n, 532-3 

direct current, see "Generators, D. C." 

double-current. III, 405-7 

dectric, classes of, II, 532-2 

electric, elements, II, 532-7 

electric, pressed fits on. III, 148-2 

electric, prindple, n, 531-3 

engines for, VI, 36-7 

for arc wdding, VI, 499-2 

hydrogen, IV, X96-4 

induction, m, 405-2 

induction, losses, V, 535-^ 

inductor, m, 405-4 

life of, II, 305-3 

lubrication, IV, 246-2 

magneto-, IV, 301-2 

oil switches, VI, X77-2 

reactances, V, 235-4 

sets, boiler horsepower, I, 423-7 

stray load-losses, V, 536-2 

synchronous (see "Generators, A. C.")f 
III. 388-4 

used as dynamometer, n, 5x6-4 
Generators, A. C, in, 388-4 

armature. III, 391-4 

armature reactance, m, 397-4 

armature reaction, m, 397-3 

armature winding, m, 392-2 

dassification, V, 532-7 

crofiSrcurrents, III, 393-4 
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Geoerators, A. C, cross-currents, excessive, 
in, 6-j 

definition, V, 532-1 

effidency, HI, 396-2; V. $54-31 VI, 59-j 

excitation, HI, 393-5 

exciters. III, 72-2 

exciter troubles, m, 5-5 

failure to generate, III, 4-j 

field windings, HI, 393-1 

frames, III, 391-1 

frequency, III, 395-r 

general principles, m, 389-1 

grounding. III, 395-^^ 

grounding of one phase, m, 5-j 

heating of armature coils, m, 5-1 

heating of armature iron, HI, 5-1 

heating of field coils. III, 4-4 

instrument scale for, VI, 146-5 

losses, m, 396-5; V, 53S-2 

open-circuited armature winding, m, 4-5 

open-drcuited field winding. III, 4-5 

open drcuit in one phase, m, 5-1 

operation. III, 4-5; 393-j 

operation above rated voltage, m, 4-4 

operation bdow normal speed. III, 4-4 

overheating of collector rings. III, 5-2 

overloaded. III, 4-4 

parallel operation, m, 5-4; 393-4 

phasing out. III, 395-^ 

poles, number of. III, 393-2 

polyphase, HI, 390-2 

power factor, low, in, 4-4; 5-2 

quarter-phase, HI, 390-2 

rating, IH, 395*5; V, 533-4 

regulation. III, 396-4 

regulation, rules, V, 537-1 

relays for, V, 256-4 

resonance. III, 5-4 

reversal of individual field coils, m, 4-4 

revolving field. III, 392-4 

short-circuit current, m, 396-4 

short-circuited fidd coils. III, 4-3 

short drcuit in armature coils. III, 5-2 

short drcuit in fidd winding, in, 4-4 

snigle-phase, ni, 390-2 

speed, m, 39S-2 

switchboard control, VI, 15 1-2 

synchronizing, in, 394-3 

temperature rise, m, 395-5 

three-phase, in, 390-5 

two-phase, ni, 390-2 

types, m, 390-1 

ventilation. III, 391-5 

voltage, in, 395-2 

voltage regulation, poor, m, 5-<2 
Generators, D. C, m, 398-j 

armature, in, 401-2 

armature winding, m, 401-5 

bearings, HI, 399-5 

bed-plates. III, 399-5 

bipolar, in, 400-2 

brushes, ni, 402-5 

brushes, sparking, m, 1-5 

brush supports. III, 402-5 

classification, in, 398-5 

conmiutating poles, ni, 400-4 

commutator, m, 402-j 

commutator faults, HI, 1-4 

compound-wound, m, 398-4 

copper loss, in, 403-2 

drives for, ni, 399-2 

eddy-currents, m, 403-2 

effidency. III, 403-2; VI, 59-5 

equalizer rings, HI, 401-4 

excessive load or resistance, m, 4-2 

field, in, 400-/ 

field windings, in, 400-2 

frame, in, 399-5 

general description, m, 398-2 

heating of parts. III, 2-2 

instrument scale for, VI, 146-5 



Generators, D. C, losses, V, 535-J 

noises. III, 3-1 

open circuit. III, 4-2 

operating in parallel. III, 403-4 

operation, III, i-i; 403-5 

rating, in, 402-4; V, 533-4 

regulation, rules, V, 536-4 

reversed residual magnetism, ni, 3-4 

series-wound, ni, 398-5 

short drcuit. III, 4-1 

shunt-wound, ni, 398-4 

speed, ni, 403-2 

switchboard control, VI, 150-4 

three-wire, ni, 404-5 

variations in speed, in, 3-2 

voltage, in, 403-1 

weak residual magnetism, m, 4-1 
Generatrix of hyperboloid, V, 367-5 
Geneva stop, III, 406-2 
Geometrical progression, in, 406-4 

Barth, IV, 272-2 

speed range, IV, 272-5 
Geometric lathe, IV, 180-2 
Geometry, m, 407-2 

analytical, I, 91-4 

angles, in, 408-5 

drdes, ni, 408-4 

geometrical constructions, in, 409-4 

mensuration, IV, 336-j 

rectangles, III, 408-4 

triangles, m, 407-5 

trigonometry, VI, 324-1 
Georgia corundum, n, 219-5 
Georgia pine, strength, VI, 97-2 

wdght per foot, V, 401-2 
Georgia poplar for polishing wheels, V, 124-1 
Germanium, III, 412-7 

melting point, IV, 335-J 
German silver, in, 412-z 

annealing. III, 222-2 

annealing, in metal spinning, V, 460-J 

Aigentan, I, 124-4 

balls, uses for, I, 225-4 

bismuth in, I, 372-2 

burnishing, I, 523-1 

coeffident of heat transmission, m, 542-1 

cost of spraying, .Schoop process, V, 318-5 

dectric soldering, V, 395-2 

manganese in, IV, 318-2 

mdting furnace for, III, 225-r 

sawing or drilling lubricant, IV, 255-2 

solder, m, 412-5; V, 388-1 
Germany, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-5 

patents, copies of, IV, 530-2 
Gesner metal protecting process, I, 244-4 
Getz roller bearing, V, 275-1 
Gherkin's latch, II, 40-2 
Gib-and-key connection, IV, 152-5 
Gib key, IV, 145-2 
Gibs, III, 412-4 

angularity, compensating for, in fitting 
taper, in, 418-j 

classification, III, 4x3-2 

square-edged, m, 415-2 

taper, m, 416-2 

taper, fitting. III, 418-7 

taper, for jigs, IV, 107-2 

types, m, 413-5 
Gilbert, II, 529-5; m, 418-4 
Gilding die<astings. III, 49-7 
Gilding metal used for extrusion, m, 90-2 
Gill, liquid measure, VI, 464-2 
Ginsaw files. III, 120-7 
Giolitti process for casehardening, n, 17-7 
Girard water turbine, VI, 447-5 
Girders, cast, shrinkage allowance, IV, 540-7 
Girders, crane, II, 252-5; 257-4 

beam, design, II, 259-7 

box, II, 258-4 

box, design, II, 259-7 



Girders, crane, box, general dimensions, II, 
260-7 

braced, n, 258-4 

braced, design, II, 261-5 

fish-bellied, design, II, 260-5 

for cranes of different capadties, n, 258-2 

latticed, II, 258-4 

linville, II, 258-4 

relation of depth to span, I, 279-4 

rolled beam, n, 258-2 

sections, II, 263-4 

simplified formula, II, 265-7 

stress diagrams, n, 261-4 

stresses in struts, II, 264-5 

types, n, 258-2 

Warren, H, 258-4 

web, n, 258-2 

web, design, II, 259-7 

web, general dimensions, n, 260-4 
Girder stays for boilers, I, 443-5 
Girod furnace, ni, 243-4 
Gland strips, composition of metal for, I. 

68-4 
Glass, add for etching, I, 24-2 

coeffident of heat radiation, in, 542-2 

drilling, n, 442-4 

dectrical insulation, IV, 61-4; 64-2 

etching, III, 71-5 

frosting, V, 366-7 

graduating on, in, 423-5 

heat expansion, in, 541-4 

heat insulating value, in, 542-4 

lubricant for drilling, IV, 254-7 

securing to ceUuloid, n, 38-2 

specific gravity, V, 400-7 

spedfic heat, V, 401-5 

tube for spirit levels, IV, 198-4 

weight per cubic foot, V, 400-7 
Glassine paper, electric insulating, IV, 66-2 
Glass-wool tar extractor, III, 310-5 
Glazed grinding wheds. III, 478-4 
Glazes, dectric insulating, IV, 68-7 
Glazing, preventing oilstones from, IV, 505-5 
Globe valve, VI, 384-7 

check-valve, VI, 385-7 
Globoid worm gearing, IV, 8-2 
Glossy finish on medal dies, n, 358-4 
Glower lamp, IV, 487-4 
Glower of Nemst lamp, IV, 487-4 
Gludnum, I, 350-2 
Glue, ni, 4x9-7 

brushes, IV, 537-5 

for patterns, IV, 537-7 

for polishing wheel, V, 124-4 

heaters, IV, 537-2 

marine, IV, 326-5 

prindpal ingredients, V, 125-7 
Gluing blocks for pattemmaking, IV, 543-2 
Glycerin, as a quenching bath, III, 5x5-4 

in anti-freedng mixture, in, 299-4 
Glydn, devdoper, V, 17-2 
Glyco bearing metal, I, 7X-5 
Gnome motor, in, 294-2 
Goethite, IV, 85-2 

Goggles, for protecting eyes in the indus- 
tries, in, 91-7 

use of, when grinding, V, 305-4 
Gold, ni, 419-2 

alloy, porpezite, IV, 522-5 

amalgams, I, 9X-2 

beating, in, 419-5 

book of, ni, 419-5 

brass mixture resembling, I, 491-7 

brazing, I, 504-2 

carat of, I, 557-2 

deposited per ampere-hour, m, 42-4 

dectric soldering, V, 395-2 

etching reagent for, IV, 354-7 

flux for soldering, V, 387-4 

hardness, III, 538-7 

heat expansion. III, 541-5 
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Gold, impurity in copper re6niiigy m, 34-a 

Mannheim, IV, 326-1 

melting point, IV, 335-1 

pens, iridium points, IV, 78-r 

plating, m, 47-2 

plating, die-castings, HE, 49-r 

refining, electrolytic, m, 39-4 

solder for, V, 387-4; 388-^ 

specific gravity, V, 398-j 

specific heat, V, 401-j 

spinning, V, 460-5 

troy weight for, VI, 464-5 

weight per cubic inch, V, 398-5 
Golden color on brass, II, 165-j 
Gold-leaf electroscope, III, 49-2 
Gonda cell, I, 250-4 
Gongs, Chinese, metal for, n, 103-5 
Goniometer, HI, 419-5 
Gooae-neck thread-tool holder, VI, 279-/ 
Goose-neck tongs, I, 376-2 
Goose-neck tool, bent, V, 1x4-2 
Gttranason (Bessemer) process, I, 350-2 
Gordon cell, I, 252-2 
Gordon formula, II, 169-j 
Gore method of sphere development, V, 

360-2 
Gorton engraving machine. III, 60-5 
Gothic pass, V, 283-2 

for rolling sted bars, I, 370-4 
Gouge, n, 107-2 

blacksmiths', I, 373-5 

blacksmiths', steel for, I, 374-4 
Governing gas engines, III, 286-1 

Diesel engine, II, 376-4 
Government-bronze, III, 488-5 
Government specifications, see "Navy speci- 
fications" 
Governor, AUia-Chahners turbine, VI, 53-7 

automatic, VI, 19-j 

Curtis turbine, VI, 50-2 

cut-o£F, VI, 19-1 

De Laval turbine, VI, 42-4 

detaching, VI, 20-j 

fly-ball, VI, 19-X 

fly-ball, formulas, V, 3-5 

four- valve engine, adjustment, VI, 415-5 

gravity tjrpe, VI, 19-2 

Kerr turbine, VI, 45-1 

shaft type, VI, 20-r 

speed adjustments, VI, 400-/ 

steam engine, VI, 18-4 

Sturtevant turbine, VI, 44-2 

throttling type, VI, 18-4 

turbo-compressors, I, 390-r 

water turbine, VI, 453-5 

Westinghouse-Parsons turbine, VI, 55-2 
Graded shunt-resistance multi-gap light- 
ning arrester, IV, 209-2 
Grade, of abrasive, I, 5-5 

of abrasive paper and doth, 1, 3-5 

of grinding wheeeb, HE, 475-j 

of ring wheels, II, 387-5 
Grading abrasives, I, 5-2 

diamond dust, IV, 164-2 

lapping abrasives, IV, 162-j 
Grading sted balls, I, 238-5 
Grading systems for grinding wheels, HI, 

474-1 
Graduating, m, 419-4 
by impression methoid, m, 423-4 
etching adds, LEI, 423-2 
etching process, £Q, 420-2 
lines, increasing visibility of, HI, 423-5 
machines, m, 420-1 
machines, drcular dividing, m, 421-2 
machines, linear, screw type. III, 420-5 
machines, pantograph type, m, 421-5 
master scale. III, 422-5 
on glass. III, 423-5 
on milling machine. III, 426-2 
resists for, III, 423-2 



Graduating, spadng methods, III, 420-j 

tool for fine lines, m, 426-4 
Graduations, slide-rule, V, 374-4 
Graduations, spirit level, IV, 19S-4 
Graham tap and drill shank, HI, 509-2 
Grainless finish, I, 520-2 
Grain, of abrasives, I, 5-5 

of grinding whed, HI, 475-/ 

of grinding wheel, effect on sdection, m, 

485-^ 

of ring wheels, n, 387-5 
Grain, weight, VI, 464-5 

in metric units, VI, 465-4 
Gram, VI, 465-2 

in EngUsh units, VI, 465-4 
Granite, HE, 427-1 

bearing capadty for foundations, in, 
209-1 

chisels, steel for, 11, 274-2 

grinding, wheels for, IE, 274-2 

heat expansion. III, 541-4 

lathe tools for, sted for, II, 274-2 

rolling friction. III, 2x4-5 

specific gravity, V, 400-1 

weight per cubic foot, V, 400- 1 
Granolithic machine shop floors, m, 157-J 

repairs to, m, X58-2 

waterproof. III, X58-5 
Grant ball-grinding machine, I, 233-2 
Grant ball-turning machine, I, 228-/ 
Grant's formula, demonstration, V, 469-5 
Grant's odontograph, m, 427-2 
Grant taper roller bearing, V, 275-4 
Graphical construction of lines and curves, 

1, 92-4; IV, 239-J 
Graphical solution of spur gearing, V, 463-5 
Graphite, m, 428-2 

brazing, I, 502-4 

brushes, D. C. generator, m, 402-5 

composition, I, 557-2 

crudbles, n, 269-2; 272-r 

deflocculated, II, 304-2; IV, 252-4 

for furnace construction, m, 238-5 

for paint, II, 215-2 

lubricant, IV, 251-4 

lubricant for ball bearings, I, 221-4 

lubricant for heavy loads and low speeds, 
IV, 245-4 

lubricant for metal spinning, V, 460-2 

lubricant, lathe center, IV, 25X-2 

lubricant, metaline, IV, 348-2 

lubricant, methods of applying, IV, 252-2 

lubricators, IV, 252-2 

plumbago, V, X20-2 

specific hmt, V, 40X-5 
Graphitic carlx>n, II, 32-4 
Graphoid surface, IV, 252-4 
Grapho-statics of crane girders, n, 261-4 
Grates, boiler, I, 408-5; 411-/; V, X35-2 

area of, I, 423-4 

grate liars, I, 4x0-4 
Grates, gas producer, III, 316-2 
Gravel, bearing capadty for foundations, 
ni, 209-1 

for concrete, IE, 172-5; m, 205-2 

specific gravity, V, 400-r 

weight per cubic foot, V, 400-r 
Gravity, IV, 331-2 

acceleration due to, HE, lox-i 

acceleration due to (at Paris), I, 6-2 

accderation due to, symbol, V, 529-4 

centerof, IV, 331-5 

center of, by trial, m, 432-1 

center of, of figures of any outline, in, 

431-^ 
center of, of two bodies. III, 43X-2 
center of, surfaces and solids, m, 429-/ 
curve, I. 537-4 

ciurve, approximation of, I, 538-2 
curve cam, I, 531-2 
feed, power press, V, 159-1 



Gravity, governors, VI, 19-2 

oilers. III, 300-2 

specific, V, 398-/ 

q)edfic, compared with degrees Baumd, 
V, 400-5 

specific, denaitameter, V, 399-2 

specific, determining, V, 399-5 

specific, of gases, V, 398-4; 399-^ 

specific, of liquids, V, 398-2; 398-4 

specific, of metals, table, V, 398-5 

specific, of woods, table, V, 399-r 
Gravity type molding machine, IV, 426-4 
Gravity water-whed, VI, 446-5 
Gray cast iron, 11, 32-5; IV, 82-2 

annealing, 1, 101-4 

q>edfications, I, 436-2 

speed for turning, V, 433-^ 
Gray colors, on brass parts, 11, 165-5 

on iron and sted, II, 162-2 
Gray pig iron, IV, 82-2; V, 2X-4 
Greased polishing whed, V, 125-2 
Grease lubricants, IV, 244-2; 251-5 

cups for, m, 300-2 

for ball bearings, I, 22X-2 

mineral, ooeffident of friction, m, 216-2 

properties of, IV, 245-5 
Great Britain, iron and sted industries, IV, 
84-2 

life and cost of patents, IV, 530-5 
Great gross, VI, 465-j 
Greek letters useid in formulas, VI, 178-4 
Green brass, 1, 490-4 

Green colors on brass and bronze, II, x66-r 
Green sand cores, II, 2x2-5 ^ 

blackening, n, 2x3-1 

core-boxes for, II, 2x3-1 
Green sand molding, III, 2x2-1; IV, 41X-J 

molds for castings, II, 26-4 

molds, skin dried, IV, 4x5-1 
Grenet cell, I, 250-1 
Gridiron valve, VI, xx-i 
Grid resister, V, 264-4 
Grids, storage battery, die<asting marMn^ 

for, II, 328-5 
Grinders (see also ''Grinding machines"), 
m, 432-j 

center, IV, 169-5 

disk, n, 383-2 

disk, ring whed, II, 387-/ 

tool, for forge shops, in, x86-r 

wet, for forge shops, m, x86-r 
Grinding, HI, 445-5 

Acme thread tools, gage for, VI, 239-/ 

allowance, m, 449-2 

allowance for hole in cutters, IV, 372-5 

attachments, see " Grinding attachments" 

ball races, I, 24X-1 

ball-races, wheeb for, I, 243-2 

balls, steel, I, 232-2 

bushings, allowances, IV, 99-r 

bushings, external, IV, 100-4 

bushings, jig, IV, 99-2 

cam, I, 548-5 

chattering, 11, 91-2 

chucking gears for, HE, 466-2 

circular wood saws, V, 3x5-2 

dearance on twist drills, II, 470-r 

cooling lubricant, m, 453-5 

counterbores, n, 224-2 

crankshafts, IE, 265-2 

crankshafts, wheeb for, n, 267-5 

crown of calender roUs, V, 279-4 

crown of pullejrs, V, x8o-4 

cutters, see " Grinding) cutter" 

cyUnders, see "Grinding, cylinder" 

cylindrical, classification. III, 446-2 

cylindrical, prindple. III, 445-4 

cylindrical, roll, V, 278-2 

cylindrical, speed, HI, 468-x 

cylindrical, wheels for, III, 469-1 

depth of cut, m, 449-i 
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Grinding, die chasers, II, 87-5 
die chasers, for brass, n, 89-/ 
disk, see "Grinding, disk" 
drawing temper of tools by, VI, 395-2 
driU, see "Grinding, drill" 
eye protection in. III, 91-1 
file blanks, m, 115-4 
finl&h, sted baOs, I, 335-4 
fized-whed, HE, 446-5 
foUow-rest for, V, 550-2 
form, m, 447-2; 454-4; 471-2 
form, feeding mechanism, III, 456-3 
forming tools, m, 194-j 
forming tools, angular surfaces, III, 195-4 
forming tools, curved surfaces, HI, 197-2; 

197-4 
forming tools, expense of, m, 194-4 
forming tools, fixture for, LEI, 195-x 
forming tools, vertical surfaces, m, 196-5 
gear-cutters, II, 388-4; HI, 331-2 
gear hobs, IV, 21-1 
gear teeth, m, 383-5 
high-speed steel, IV, 4-2 
Hindley worm gearing, IV, 11-4 
holding bevel gears for, IH, 467-1 
holding non-magnetic work, in, 466-1 
holding warped or sprung work. III, 465-4 
holding work, m, 463-5 
internal, see "Grinding, internal" 
lubricants, IV, 354-2 
machines, see "Grinding machines" 
magnetic chucks for, m, 465-1 
magnets, IV, 305-1 

method of cutting bevel gears, m, 350-4 
methods, HE, 445-5 

milling cutters, see "Grinding, cutter" 
multiple diameters, m, 455-2 
piston rings, arbor for, V, 85-2 
piston rings, fixture for, V, 85-4 
piston rings on outside, V, 85-2 
piston rings on sides, V, 83-5 
planer tools, VI, 395-5 
preparation of work, HI, 449-4. 
preventing chatter, m, 451-1 
producing finish on metals, m, 136-2 
producing gear teeth by, in, 334-5 
reamer teeth, V, 344-4 
roll, V, 378-2 

roughing and finishing cuts, HI, 448-5 
rubber, wheeb for, V, 300-1 
saw teeth, V, 313-4 
sides of metal saws, V, 313-4 
sbtter tools, V, 383-5 
magging castings, V, 385-2 
speeds, jn, 468-1 
steadyrest for, V, 545-5 
step-in, m, 447-1 
surface, HE, 461-5 
surface, cooling water, m, 463-2 
surface, speeds, m, 470-4 
taper grinding, m, 451-5 
throttle valve, IV, 335-4 
tool, VI, 393-2 
traverse. III, 446-2 
twist dz^ n, 467-2; 470-2 
use of goggles, V, 305-4 
valves, VI, 383-2 
valves, abrasives for, VI, 383-2 
valves, speed for, VI, 383-2 
wheels, see "Grinding wheels" 
width of wheel face, HE, 450-2 
with side of wheel. III, 453-4 
Grinding attachments, bench lathe, I, 

341-X 
cam, 1, 548-5 

for formed cutters, n, 388-5 
push-spindle, 1, 341-j 
rotary, n, 386-4 
toolpost type, 1, 341-3 
Grinding, cutter, II, 385-2; IV, 373-4 
angular cutters, n, 387-4 



Grinding, cutter, clearance angles, II, 387-5 

cylindrical cutters, II, 385-5 

end-mills, II, 389-2 

formed cutters, 11, 388-r 

gear-cutters, II, 388-4 

position of tooth-rest, IE, 387-2 

re-fluting worn cutters, II, 390-1 

side-mills, II, 389-5 

wheels used, n, 386-5 
Grinding, cylinder, II, 395-2 

abrasive and bond of wheels, n, 397-1 

advantages, IT, 295-4 

allowance, 11, 298-2 

annealing of work, IE, 298-5 

causes of inaccurate work, 11, 399-1 

grain and grade of wheels, II, 396-4 

grinding or reaming, comparison, II, 395-2 

machines, II, 395-4 

operation of machines, IE, 397-2 

re-grinding worn work, 11, 399-2 

temperature of work, II, 398-4 

wet and dry, 11, 399-1 

wheel selection, II, 396-5 

wheel truing, II, 398-5 
Grinding, disk, II, 383-1 

abrasives, II, 384-2 

aUowances, IE, 385-1 

aluminum, n, 386-x 

attaching abrasive disks, n, 385-4 

babbitt, 11, 386-j 

copper, n, 386-1 

feeding pressure, n, 385-5 

machines, 11, 383-2 

reduction of area to be ground, II, 

385-4 

ring wheel, II, 387-j 

rotary, II, 386-2 

soft metals, IE, 386-x 

speeds, II, 385-2 
Grinding, diiU, II, 433-5 

angle of drill point, 11, 433-4 

clearance angles, II, 433-5 

clearance, testing, II, 433-2 

effects of incorrect, n, 433-4 

machines, II, 434-x 

machines, automatic, IE, 436-x 

machines, design, II, 436-2 

machines, operation, n, 434-4 

requirements, II, 433-5 
Grinding, internal, ni, 457-x 

allowances. III, 459-x 

attachment. III, 457-2 

bushings, IV, loo-x 

cause of bell-mouthed holes, HI, 460-4 

cylindrical holes. III, 458-x 

holding work, III, 457-3 

holes having keyways or slots, m, 461-1 

preventing chatter, HE, 459-4 

reUtion between size of wheel and hole, 

m, 459-3 
speeds. III, 469-4 
taper holes, HE, 458-2 
wet and dry compared, HI, 460-x 
wheels for, HI, 470-x 
width of wheels, IH, 459-2 
work-holding devices, IH, 464-5 
Grinding machines, HI, 433-x 
automatic. III, 445-2 
centers, truing, HI, 453-5 
chucking, operations on, HE, 461-2 
chucking, three-spindle, HI, 443-4 
cutter, typical design, H, 385-2 
cylinder, H, 395-4 
cylinder, operation, H, 397-2 
cylindrical, HI, 433-4 
cylindrical, automatic croos-feed, IH, 

433-J 
cylindrical, automatic sizmg attachment, 

m, 437-2 
cylindrical, headstock, V, 433-2 
cylindrical, horsepower, IV, 453-r 



Grinding machines, cylindrical, methods of 
drivmg, HI, 435-4 
cylindrical, shigle-pulley drive, HI, 436-2 
cylindrical, traversing-wheel type, IH, 

436-4 
dead stop for, VI, 86-x 
designating size, IV, 385-x 
drill, H, 434-z 
drill, automatic, H, 436-x 
drill, design, H, 436-2 
drill, operation, II, 434-4 
drill, Sellers', II, 435-5 
drill, Worcester or Washburn, II, 434-4 
face, horizontal. III, 440-5 
feed mechanism, VI, 92-5 
follow-rest for, V, 550-2 
for ball bearing races, I, 341-2 
for steel balls, Grant, I, 333-2 
for steel balls, Hoffmann, I, 234-5 
for steel balls, Richardson, I, 233-4 
for steel baUs, Tolford, I, 336-4 
gear-tooth, HI, 383-2 
hole and face, HI, 443-2 
horsepower, IV, 452-5 
hydraulically-operated, HE, 444-2 
internal, IH, 438-2 
motor drive, IV, 450-4 
pattern shop, IV, 536-x 
piston ring, HI, 443-2 
plain, HI, 435-2 
portable, HI, 444-4 
profile, V, 172-5 
reversing mechanism, VI, 89-2 
roll, V, 278-2 
roll, calender, V, 279-2 
roll, Lobdell, V, 279-2 
roll, Poole, V, 278-3 
slides, protecting from dust, 1, 303-5 
special tjrpes, HI, 445-5 
^lindle of, ball bearings for, I, 219-4 
steadjrrests, V, 545-5 
surface, HE, 439-5 
surface, abrasive-belt t3rpe, HI, 443-x 
surface, planer type, HI, 440-x 
surface, reciprocating motion table, IH, 

439-4 
surface, reciprocating motion wheel, IH, 

440-2 
surface, rotary disk, HI, 442-2 
surface, vertical-spindle, reciprocating, 

III, 441-4 
surface, vertical-spindle, rotaiy, HI, 441-x 
swinging frame, HI, 445-x 
tool, VI, 296-2 
toolpost, HI, 444-4 
universal, HI, 435-2 
universal, earliest type, IV, 282-x 
universal head, use of, HI, 453-x 
valve, VI, 383-2 
worm, VI, 553-2 
Grinding wheels, HI, 471-2 
abrasives, HI, 471-5 
accidents, V, 304-x; 305-x 
bonding processes, HI, 471-4 
bushing, HI, 476-2 
celluloid process, IH, 474-5 
combination, HI, 475-x 
designating size, IV, 285-4 
direction of rotation in cutter grinding, H, 

386-4 
dressers, HI, 479-4 
dressers, accidents, V, 306-x 
dressing for forming tools, HE, X98-X 
elastic, HI, 473-3 
exhaust systems for, IH, 75-x 
flanges for mounting, IH, 475-4 
for aluminum, HI, 485-5 
for baU-races, I, 343-2 
for brass, HI, 485-5 
for bronze, IH, 485-5 
for cam grinding, I, 549-3 
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Grinding wheels, for cast iron, III, 485-j 
for chasers, U, 89-2 
for crankshafts, II, 267-3 
for curved surfaces, III, 198-a 
for cylmders, 11, 296-j 
for cylindrical grinding, m, 485-j 
for different materials, III, 469-/; 470-1 
for form grinding, III, 486-r 
for forming tools, 'III, 195-2 
for internal grinding, m, 486-1 
for jig bushings, IV, xoo-i 
for milling cutters, II, 286-3; IV, 373-1 
for nickel-bronze, m, 485-4^ 
for rubber, V, 300-j 
for snagging castings, V, 385-4 
for surface grinding, III, 486-4 
general requirements, lH, 487-1 
glazed, III, 478-4 
grade and grain, III, 475-^; 485-2 
grading systems, III, 474-1 
hard. III, 475-1 
hoods or guiairds, V, 304-5 
k>aded, III, 478-4 
mounting, HI, 475-3; V, 304-4 
oil process, in, 474-4 
protection flanges, III, 475-4; 481-4 
protection hoods, III, 480-2; 482-x 
ring, grain and grade, II, 387-3 
safeguarding, 1, 10-4; V, 303-2 
safety code, III, 481-2 
safety requirements, HI, 482-^ 
selection, m, 484-2 
shapes. III, 478-1 
silicate process, HI, 473-1 
soft, ni, 475-1 
speeds, in, 477-1 
speeds for jig bushings, IV, xoo-2 
spindles for. III, 483-j 
truing, in, 479-1 

truing for cylinder grinding, H, 298-j 
truing for gear tooth grinding, IH, 383-4 
truing for multiple diameter grinding, IH, 

455-4 

truing for pulley crowning, V, 181-4 

vitrified process, ni, 472-j 

vulcanite process, in, 473-4 

width of, for cylindrical grinding, m, 
450-2 

width of internal, HI, 459-2 
Grindstones, HI, 487-2 

mounting, III, 487-i^ 

specifications, III, 488-1 

speeds. III, 487-j 

strength of wet, lU, 487-4 
Grip feeding mechanism, press, V, 158-4 
Gripping power of rivets, V, 272-2 
Grip sockets, Cleveland, n, 131-2 
Grip thread, Harvey, VI, 270-2 
Grobet Swiss files, niunber of teeth, m, 

121-2 
Groove allowances, roll turning, V, 289-2 
Grooved chucking reamers, II, 109-2 
Groover's spring, IV, 223-2 
Grooves, and slots, micrometer for meas- 
uring, m, 199-2 
G'^ooves, milling, IV, 403-1; 404-5 

oil, in bearings, 1, 308-r 

rolling mill rolls, V, 283-2 

rope pulleys, V, 293-4 

spiral, planing attachment for, V, 93-2 
Grooving chisel, II, 107-2 
Grooving cutters for twist drills, n, 468-7 
Grooving in boilers, I, 398-4 
Grooving rolls, tools for, V, 288-j 
Gross, VI, 465-/ 
Gross ton, VI, 464-j 
Ground connections for lightning arresters, 

IV, 210-2 
Ground detectors, HI, 21-2 

electrostatic, VI, 148-2 
Grounding A. C. generator, III, 395-/ 



Grounding electrical instrument cases, VI, 

146-2 
Ground pipe joint, V, 48-5 
Grounds, ardng, I, 124-j 
Grounds, power plant, V, 147-j 
Ground stone, for lapping, IV, 168-4 
Grouped springs, V, 499-j 
Group motor drive, machine tools, IV, 441-4 

woodworidng machinery, IV, 440-J 
Growth of cast iron, n, 34-2 
Gruson process for making armor plate, I, 

126-7 
Guard plates, lubricant, on machine tools, 

IV, 263-2 
Guards for machine parts, V, 301-7 

belt, V, 302-5 

emery wheel, V, 304-5 

feed-screw, I, 304-7 

gear, V, 301-2 

grinding wheels, in, 480-2; 482-7 

punch and power-press, V, 302-4 

revolving parts, I, 9-7; 10-5 

shafting, I, 10-2 

sGdes, roller-blind, I, 304-5 

slides, telescopic, I, 304-2 
Guest's formula, m, 488-2 

applied to shafting, V, 334-5 

combined stresses, VI, 106-5 
Guest's law, VI, 106-5 
Guide bar for spiral planing, angle of, V, 94-2 
Guide bushings, jig, IV, 96-5 
Guide frame for hsrdraulic accumulators, 

1,18-2 
Guide-mill, wrought iron, VI, 560-4 
Guide, narrow, IV, 487-r 
Guide pins for punches, n, 355-2 
Guides cross-head, locomotive, TV, 233-2 
Guides for silent chain, n, 70-7 
Guides, wiought-iron rolling, setting, VI, 

561-4 
Guide vanes, centrifugal pump, V, 202-5 
Guldinus rule, IV, 345-4 
Gulleting files, HI, 117-4 
Gumming of oils, IV, 245-5 
Gumming test of lubricants, IV, 247-5 
Gumming wood saws, V, 315-5 
Gun-barrel drilling machine, n, 453-7 
Gun barrels, browning, n, 16 1-4 
Gim-bronze, HI, 488-5 
Gun construction, deep-hole drilling in, n, 

453-^ 
Guncotton, ignition temperature, IV, 45-4 
Gundelach tube, VI, 562-2 
Gun Uthe, IV, 179-4 
Gmi-metal, m, 488-5 

casting. III, 489-7 

composition, m, 489-7 

effect of temperature, HI, 488-4 

finish, m, 489-5 

finish on aluminum, n, 168-5 

finish on iron and steel, n, 160-4 

flux for soldering, V, 387-4 

for herringbone gears, IH, 549-5; 552-7 

heat-treatment, HI, 488-4 

leaded, n, 207-2 

melting point, n, 207-2 

molds for, m, 489-2 

solder for, V, 387-4 

specifications, in, 488-5 
Gunpowder, ignition temperature, IV, 45-4 
Gun, sand-blast, V, 308-4 
Gun steel, strength of, VI, 98-5 
Gunter's chain, VI, 129-2; 133-2 
Gunter slide-rule, V, 373-4 
Gurley's bronze, in, 489-5 
Gusset stays, stresses in, I, 442-5 
Gutermuth flap valve, V, 193-5 
Gutta-percha, III, 489-5 

turning, V, 437-7 
'* Gutter" of drop-forging die, H, 490-2 
Guyed sted stack, power plant, V, 136-7 



Guy rope, VI, 530^2 
Guy strand, VI, 530-2 
Gypsum, U, 214-4 

hardness, in, 527-7 

in boiler feed water, 1, 396-4 

plaster-of-paris, V, 119-7 

specific gravity, V, 400-7 

weight per cube foot, V, 400-7 
Gyration, center of, HI, 489-4 

radius of, m, 489-4 

radius, of different cross-sections, I, 265 
Gsrroscope, m, 490-7 

Habrick reinforced concrete system, n, 

I7S-' 
Hack for dressing grindstones, IH, 487-2 
Hacksaw blades, HI, 491-7 

cutting teeth. III, 491-5 

designating size, IV, 285-4 

for machine use, HI, 493-4 

hardening, HI, 492-4 

inspection, HI, 492-5 

setting teeth, IH, 492-2 

stamping, in, 492-5 

steel for, HI, 491-7 

straightening, HI, 493-2 

tempering, IH, 493-2 
Hacksaw frames, designating size, IV, 286-5 
Hacksaw machines, III, 493-5 

cutting lubricant for, IH, 495-4 

designating size, IV, 284-4 

development, IH, 494-2 

duplex, ra, 495-5 

for forge shops, HI, 186-7 

hacksaw blades for, HI, 493-4 

modem design, HI, 494-4 
Hadfield process for making armor plate, 

I, 126-2 
Hadfield steel, IV, 320-5 
Hair-line, slide-rule, V, 374-7 
Halation, shop photography, V, 13-2 
Half-circle, center of gravity, HI, 429-2; 

429-4 
Half-elliptic gears, HI, 52-4 
Half-elliptic spring, V, 492-4 

formulas, V, 493-4; 494-2 
Half-lapped joint, IV, 543-2 
Half-nuts, interference in, HI, 496-7 
Half-round chisel, II, 107-2 
Half-round files, HI, 11 7-4 

application, m, 133-2 
HaUiday windmill, VI, 505-2 
Hammer bolt headers, IH, 188-5 
Hammer dies, pack-hardening, IV, 515-5 

cooling bath, IV, 516-4 

tempering, IV, 517-5 
Hammering machine, IH, 497-7 
Hammering machine dies, hobs for, m, 

498-1 
making, HI, 498-7 

Hammers, I, 373-j; m, 498-5 
arrangement of, in foige shops, HI, 181 -2 
backing, I, 373-5 
ball-peen, HI, 498-5 
copper alloy for, H, 207-7 
cross-peen, HI, 498-5 
designating size, IV, 285-2 
drop, see ''Hammers, drop" 
drop presses, II, 5x0-7 
force of blow, I, 392-2 
forging, efficiency, HI, 502-5 
hand, designating size, IV, 286-5 
hardening, I, 376-5 
helve, m, 182-4; 499-7 
percentage of carbon in, I, 557-4 
pneumatic, see "Hammers, pneumatic" 
power, see "Hammers, power" 
quarter, I, 373-^ 
sledge, I, 373-^ 
soft, in, 498-5 



HAMMERS — HARDNESS 



69 



Hammos, steam, see "Hammen, steam" 

steam drop, II, 511-5 

sted for, I, 374- j; H, 274-j; VI, 301-2 

straigfat-peen, m, 498-j 

vacmun, m, 500- J 
Hammers, drop, n, 500-1 

application of, II, 481-5; m, 183-1 

board drop, 11, 500-2 

oompariaon of board and steam, 11, 483-1; 
512-4 

designating size, IV, 285-2 

dies, for hardening, IV, 515-j 

drop presses, 11, 510-7 ' 

hammer bases, weight of, 11, 501-2 

hanuner-Iifting mechanism, II, 500-4 

horsepower, IV, 452-j 

steam drop, II, 51Z-J 
Hammers, pneumatic, V, 121-4 

lubrication, IV, 246-2 

power for forge shops, III, 183-j; 500-2 

snaps, tempering, HI, 5x9-4 

use of, n, X07-4 
Hammers, power, m, 498-4 

dutches for, II, 144-2 

designating size, IV, 285-2 

dies for, hardening, IV, 515-5 

effidency, m, 502-5 

foundations. III, 181-5 

hdve, in, 182-4; 499-J 

horsepower, IV, 452-5 

in forge shops, in, 181-2; 186-5 

pneumatic. III, 500-2 

steam. III, 500-4 

types, HI. 181-5 

vacuum, HI, 500-3 

vertical type. III, 499-5 
Hammers, steam, m, 500-4 

capadty, HI, 182-2; 501-5 

compared with drop-hammer, HI, 183-2 

compared with forging presses, lEE, 190-5 

definition, in, 498-4 

designating size, IV, 285-2 

dies for, hardening, IV, 515-5 

effidency, HI, 502-5 

foundation. III, 502-j 

history, IV, 281-j 

in forge-shops, HI, 181-4 

open-frame, m, 502-2 

operation and control. III, 500-4 

piping for. III, 182-1 

piston-rods, vanadium steel, VI, 418-j 

power for operating. III, 182-5 

rating, HI, 182-2; 502-1 

size of work, HI, 501-5 

steam consumption, HI, 190-4 

steam drop^ H, 51 1-5 
Hanuner tjrpe riveting machines, V, 268-1 
Hand chasers, H, 81-4 

designating size, IV, 285-5 
Hand chisels, steel for, H, 274-/ 
Hand-drills» designating size, IV, 284-4; 

38&-2 

Hand-driven rivets compared with power- 
driven, V, 267-5 
Hand files, HI, 1x7-2 

application, HI, 133-1 
Hand-forging chain, II, 55-4 
Hand jointer, in pattemmaJdng, IV, 535-2 
Hand hammers, HI, 498-5 
Hand-boles for boilers, I, 429-4 
Hand-knurling tool, IV, 155-2 
Hand lathe, IV, 177-5 
Hand, length measure, VI, 463-4 
Handles, machine tool, IH, 503-2 
Hand milling machine, IV, 396-5 
Hand-operated circuit-breakers, II, 119-4 
Hand operation of oil switches, VI, 174-2 
Hand planers, motor drive, IV, 440-2 
Hand rammer, pneiunatic, IV, 427-1 
Hand reamers, HI, 505-2 

percentage of carbon in, I, 557-4 



Hand reamers, threaded-end, HI, 506-J 
Hand rope, VI, 522-2 
Handsaw files, IH, 120-2 

application, IH, 133-5 
Hand-screw machine, VI, 350-4 

taper attachment for, VI, 186-5 
Hand-squeezer mokling machine, IV, 424-5 
Hand taps, HI, 507-5 

definition, VI, 203-J 

limits of oversize. III, 508-5 

made in sets, IH, 507-4 

proportions, HI, 508-4 

relief and fluting, HI, 508-2 

squares on, HI, 509-7 

tapping with, VI, 194-4 
Handwheels, HI, 5x0-2 

drawing of, H, 426-2 
Hangers, IH, 512-7 
Hardened steel, factor of safety, VI, 98-2 

microscopic study, IV, 351-4 

microscopic study, preparmg for, IV, 

352-4 

scale on, HI, 5x9-4 

Hardening, m, 512-5 

alloy steels, I, 76-5 

balls, steel, I, 235-7 

barium-chloride bath, I, 245-2; IH, 513-4 
bevd gears, machine for, III, 381-2 
blacksmiths' tools, I, 376-2 
Brayshaw experiments, HI, 523-2 
by ozy-acetylene flame, VI, 482-4 
caaehardening, H, 2-2 
casehardening, local, H, 8-4 
chain, II, 55-2 
chisels, II, X07-2 
cold-heading tools, H, X54-5 
cold-rolled sheet steel, H, X59-4 
cracks in, IH, 525-7 
critical point, apparatus for determining, 

in, 522-2 
critical temperatures, IH, 521-7 
cyanide-of-potassium, baths, HI, 513-5 
decalescence point, HI, 521-2 
defects, causes of, HI, 5x9-2 
dies, n, 340-2 

dies, coin and medal, H, 358-5 
dies, drawing, H, 4x9-2 
dies, drop-forge, H, 491-5 
dies, forging machine, I, 82-4 
dies, preventing scale, IV, 518-2 
dies, stampuig, V, 526-2 
effect on tensile strength, IH, 525-2 
electric welding machine for, VI, 492-r 
equipment, H, 4-7 
equipment, cost of, IH, 379-4 
files, in, X14-7; 1x6-7 
forces for embossing dies, IH, 176-4 
furnaces, see "Hardening furnaces" 
gears, HI, 374-4 
gears for machine tools, V, 5x5-7 
hacksaw blades, m, 492-4 
hardening-room arrangement, n, 481-1; 

HI, 525-4 
hardening room in drop-forging plant, 

n, 482-4 
hardness testing, IH, 527-7 
heating baths, liquid, III, 250-2; 513-2 
heating in two furnaces, HI, 524-4 
high-speed steel, IV, 2-4 
hobs, distortion of, IV, 20-5 
iron castings, II, 29-4 
jig bushings, IV, 99-2 
lead baths, IH, 513-2 
lead baths, melting pots, IH, 5x3-5 
length of time of heating, IH, 524-2 
local, m, 520-7 
local, enamdite for, IH, 57-7 
local, of gears, HI, 378-2 
magnets, IV, 304-4 
milling cutters, IV, 372-4 
oil tanks for, II, 482-4 



Hardening, overheated sted, IH, 51^ 
pack-, IV, 5x4-7 
punches, H, 34X-4 
punches, wari>ed in, H, 342-2 
pyrometers for, IH, 5x4-7; V, 2x9-4 
quenching baths, HI, 5x4-2 
quenching tanks, IH, 5x5-4 
quenching temperatures, IH, 524-2 
reamers, V, 245-2 
recalescence point, HI, 521-2 
rolls, V, 280-4 
roll-turning tools, V, 288-2 
saws, V, 313-5 
saws, wood, V, 315-2 
scale on hardened steel, HI, 5x9-4 
«f«fw>n!ng after, V, 330-7 
shortening and lengthening of sted in, 

HI, 523-5; 524-4 
shrinkage in, cutting threads to compen- 
sate for, VI, 242-4 
spring screw dies, II, 378-J 
q>Ting sted, V, 500-5 
tanks for drop-forging dies, H, 491-4 
taps, VI, 2XX-7; 2x9-5 
taps, change of pitch of, VI, 2xx-2 
taps, increase of diameter, VI, 2x2-7 
Taylor-White process, VI, 222-2 
temperatures, HI, 524-7; 525-5 
temperatures, locating by Brinell test, HI, 

532-4 

temperatures, magnetic device for deter- 
mining, n, 34^J 

tempering, HI, 5x6-5 

tempering bath, IH, 5x7-4 

tempering bath, alloys for, HI, 518-5 

tempering temperatures, HI, 5x9-5 

theory, IH, 520-2 

twbt drills, H, 467-1; 470-7 
Hardening furnaces, m, 256-7; 5x2-5 

casehardening, IH, 263-5 

casehardening, coal-burning, HI, 263-4 

casehardening, oil-burning, HI, 263-5 

crudble type, HI, 225-5 

dectrically-heated, HI, 262-7 

for chain, H, 54-4 

fud oil for, in, 257-5 

fud oil required, H, 484-7 

gas, in, 256-2; 257-4 

gas, advantages of, HI, 260-5 

gas fuel, m, 256-4 

kerosene for, HI, 257-5 

oil-burning, IH, 256-4; 36X-5 

oil-burning, advantages of, IH, 260-5 

oil-burning, modem types. III, 257-4 

oil-burning, preheating air for, IH, 259-2 

producer gas for. III, 3x7-5 

requirements, HI. 249-2 

solid fuels for, HI, 262-2 

temperature control, HI, 26X-2 

three-chambered type, HI, 258-4 

twin type, HI, 258-5 
Hardenite, IV, 326-4 
Hardie, I, 373-4 
Hardie hole, HI, x8x-2 

in anvik (illustration), 1, 103-5 
Hardness, HI, 527-2 

and brittleness, VI, 322-4 

and ultimate strength, III, 53X-2 

Bessemer sted, IV, 321-2 

boiler feed water, testing, I, 399-4 

chilled castings, H, 100-5; IV, 331-2 

common metals, HI, 538-7 

dynamic, HI, 527-^ 

manganese steel, IV, 32X-7 

mineralogical, IH, 537-2 

minerals, I, 91-j 

molds, IV, 413-5 

numeral, Brinell, HI, 530-4; 531*' 

piston rings, V, 8x-7 

red, of sted, IV, x-7 

rolling mill rolls, V, 38X-4 
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Hardness, scale, Brinell, table, ni, 531-1 

scale, Mohs', III, $37-/ 

scale, Shore, m, 537-2; 538-j 

steel, loss of, due to tempering, IH, 529-1 

steel, relation to wear, IIE, 530-2 

testing, see "Hardness testing" 

water, I, 399-^ 
HardneM tettiiig, HI, 527-1 

Ballentine test. III, 536-j 

Brinell test, HI, 528-1 

Brinell test, accuracy, HI, 532-2 

Brinell test, application. III, 533-4 

Brinell test, detaib, HI, 530-5 

Brinell test, machines, III, 534-2 

Brinell test, time element, IH, 533-2 

comparison between testing methods, m, 
528-2 

conversion factors for Brinell and sdero- 
scope readings, IH, 530-2 

electromagnetic instnmient, HI, 539-4 

file test, in, 5 27- J 

hardness and ultimate strength, HE, 531-2 

hardness and wear, HI, 530-2 

Keep's test, IH, 528-2 

machines, IH, 534-2 

of gears, HI, 376-J 

Portevin's experiments, m, 529-j 

principles, VI, 230-4 

Shore hardness scale, HI, 537-2 

Shore sderoscope, HI, 528-z 

Shore sderoscope, application, III, 537-2 

Shore sderoscope, details, m, 536-4 

simple methods, HI, 527-j 

tests for cutting tools, IH, 530-J 

tool sted, in, 128-J 

Turner's sderometer, HI, 527-4 
Hard rubber, V, 299-2 

for insulation, IV, 64-j 

machining, V, 300-r 

polishing, V, 126-j; 300-2 
Hard soldering, V, 392-j 

definition, I, 500-j 

solders, V, 387-j 
Hardwood block floor, HI, 159-j 
Hardwood, coefficient of friction, HI, 215-2 
Hardwood comers, on patterns, IV, 548-j 
Harmonic, HI, 540-4 
Harmonic motion curve, I, 537-j 
Harp, planer, V, 95-1 
Harrison cell, I, 250-2 
Hartness turret lathe, VI, 352-j 
Harvey grip thread, VI, 270-2 
Harvey process for armor plate, I, 126-J 
Hatchet type of soldering-copper, V, 389-j 
Haulage rope, VI, 521-2 

table, VI, 521-J 
Hawser, VI, 530-j 

towing, VI, 531-2 
Hayden cell, I, 250-4 

Hayden S3rstem of copper refining, HI, 36-2 
Hazel, specific gravity and weight, V, 399-J 
Headers, bolt, I, 450-4 

cold-, n, 149-/ 

continuous motion, IH, 188-2 

for ball making, II, 156-3 

hammer type, HI, 188-5 
Headers, cast-iron, boiler, 1, 444-5 
Headers, pipe, V, 44-5 
Headers, steam, V, 65-j 
Head, friction, in pumps, V, 196-1 
Head-gate apparatus, water turbine, VI, 

454-^ 
Heading, cold, 11, 148-J 
Heading machines see "Headers, bolt" 
Heading tools in forging machines, IH, 187-2 
Headless set-screws, V, 326-5 
Headless wood-screw, V, 328-4 
Head of water, VI, 443-5 

corresponding power, VI, 444-5 

definition, V, 164-5 

horsepower due to, VI, 44 5-1 



Head of water, m hydraulic presses, IV, 

41-5 

m pumps, V, 195-4 
Heads of rivets, V, 268-4 

dimensions, V, 269-4 
Heads of screws and bolts, V, 324-4 

bolts, stock reqidred for, I, 453-5 

cap-screws, V, 325-2 

machine screws, IV, 268-2; V, 325-1 

screws, British standard, V, 328-2 

set-screws, V, 326-5 

set-screws, National-Acme, V, 327-1 
Headstock, cylindrical grinding marhinfi, 

V, 432-^ 
Headstock, Uthc, IV, 170-4 

aligning, I, 13 7-1 

back-geared, V, 402-j 

bench lathe, I, 340-1 

center, IV, 169-2 

double-geared, IV, 173-1 

friction, IV, 174-2 

friction-driven, V, 407-4 

geared, V, 402-5 

geared motor-driven, V, 406-2 

reversing mechanism, IV, 172-5 

triple-geared, IV, 173-4 
Heaped bushel, VI, 464-2 
Heart cam, I, 531-2 

millmg. I, 55X-5 
Heat, in, 541 -r 

capadty, I, 556-4 

Centigrade thermometer, II, 35-4 

dissipation, transformer, VI, 306-4 

engines (air), I, 51-5 

equivalent in foot-pounds, HI, 541-2 

equivalents, ix>wer, V, 129-j 

expansion, IH, 542-2 

expansion, alloy with small, IV, 76-4 

expansion of metals. III, 541-5 

expansion of metals, tested by Bureau of 
Standards, V, 544-2 

expansion of various substances, HI, 541-4 

Fahrenhdt thermometer, HI, 100-4 

indicating paste, V, 218-4 

in steam, VI, 122-2 

insulating materials, HI, 542-5 

insulation for locomotive boiler, I, 148-2 

intercepting paint (acalorin), I, 6-4 

judged by color, V, 219-4 

latent, IV, 169-j 

loss in condenser, VI, 29-2 

loss in gas producers, HI, 316-4 

measurements by pyrometer, V, 217-2 

measuring instruments in general use, V, 
219-r 

mechanical equivalent of, I, 506-4 

of compression, removing, I, 33-5 

of fusion, latent, HI, 268-5 

of liquid, VI, 122-2 

of steam, latent, VI, 122-2 

Ostwald calorie, IV, 509-j 

quantity of, UI, 541-2 

radiation, V, 231-1 

radiation, coeffident, HI, 542-2 

R^umur thermometer, V, 247-5 

spedfiic, V, 401-2 

specific, firebrick, HI, 138-2 

spedfic, superheated steam, VI, 122-5 

thermometer, VI, 232-5 

transforming into work, VI, i-r 

transmission, coeffident of, HI, 542-1 

unit, British, I, 506-4 

unit, French, I, 529-4 

units, duty of pump based on, V, 197-5 

value of coal, HI, 218-r 

waste, utilization of, in furnaces, HI, 239-5 

welding, VI, 469-1 
"Heat-black" finish, II, 167-1 
Heat engines (air), I, 51-5 
Heaters, feed water, I, 407-2; VI, 29-2 

capadty, V, 136-2 



Heaters, feed water, economizer, n, 525-4 
in power plants, V, 136-1 
open, used as purifiers, 1, 404-2 

Heaters, glue, IV, 537-2 

Heating air or gasoline for engines, in, 

287-5 
Heating and chilling presses, IV, 35-2 
Heating baths for sted, I, 245-1 

for oil furnaces, HE, 261-5 

liquid. III, 513-2 
Heating, boiler horsepower for, I, 423-x 
Heating chambers, die-casting madiines, 11, 

317-J 
Heating furnace, kerosene for, UI, 257-5 

rolling mill, V, 283-z 
Heating hydraulic power plant, V, 146-r 
Heating of conductors, n, 534-j; VI, 316-2 
Heating, oil switches, VI, 170-4 
Heating surface, boilers, I, 423-2 

feed water heaters, I, 407-4 

superheaters, VI, 124-5 
Heat-tinting, for metallurgical study, IV, 

356-2 
Heat-treated gears for machine tools, DI, 

376-5 
tests on, in, 380-4 

Heat-treated steel, microscopic study, IV, 

351-4 
Heat-treatment, m, 512-5 
alloys, effect of, I, 67-1 
alloy steds, I, 76-5; 81 -i 
balls, sted, I, 235-j 
balls, steel, testing, I, 222-5 
barium-chloride baths for, I, 245-1 
blacksmiths' tools, I, 376-2 
Brayshaw's experiments, IH, 523-2 
bronze, effect of, I, 299-4 
carbon steel, I, 78-J 
casehaidening, II, 2-2; 10-5 
chrome-vanadium steel, I, 80-5 
coloring by, n, 162-5 
crane chain, H, 57-2 
critical temperatures, H, 268-5 
dies, drop-forging, II, 491-5; 492-4 
dies, forging machine, I, 82-4 
dies, forging, vanadium-steel, IV, 500-2 
equipment, U, 4-r 
equipment, cost of, m, 379-4 
files, m, 114-j; 1 16- J 
furnaces, see "Hardening furnaces" 
gears, IH, 374--^; 380-j 
gears, machine tool, V, 515-J 
gun-metal, IH, 488-4 
hobs, rV, 15-2 
local, n, 8-4 
magnalium, IV, 287-4 
manganese sted, IV, 322-2 
melting points of salts used for, IH, 251-5 
natural alloy sted, IV, 494-5 
natural alloy steel, effect on, IV, 495-1 
nickd-chrome steel, I, 79-1; 80-1; IV, 

492-4 

nickd sted, I, 78-5 

nickd sted, effect on, IV, 496-5 

rolls, V, 280-4 

roU-tuming tools, V, 288-2 

saws, V, 313-2 

screw stock, V, 329-r 

seasoning after, V, 330-1 

shrinkage in, cutting threads to compen- 
sate for, VI, 242-4 

spring screw dies, n, 378-1 

spring steel, V, 500-2 

steel castings, VI, 70-5 

sted, effect of, IV, 35 1 -4 

sted, effect on tensile strength, IH, s^S-^ 

Taylor-White, VI, 222-2 

value of pjrrometers for, V, 219-4 

white metal, effect on, I, 299-4 
Heavy-duty drilling machine, H, 457-^^; 
461-2 
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Hectare, VI, 465-^ 

iD EngKsh units, VI, 465-5 
Hectogram, VI, 465-2 
Hectograph composition, n, 37-2 
Hectoliter, VI, 465-2 
Hed-and-toe latch for dies, VI, 82-4 
Hed of a file, HI, 120-4 
Heel outlet dbow, V, 43-1 
Hed print, pattern, IV, 542-2 
Hefner standard, HI, 543-2 
Height gage, m, 274-2 

and plug locating method, IV, 220-2 
Height of triangle, IV, 337-j 
Heim formula for hammer efficiency, HI, 

502-4 
Hele-Shaw dutch, H, 143-2 
Helical bevd gears, I, 367-2; V, 470-4 
Helical compensating medumism for reliev- 
ing, V, 264-j 
Helical oonvolutes, skew bevd gears, V, 

368-2 
Helical flutes in reamers, V, 243-j 
Helical gearing, see "Spiral gearing" 
Helically-fluted hobs, rdieving, V, 263-j 
Hdical milling, IV. 405-2 

attachment, IV, 388-j 

attachment for short lead^ IV, 390-4 

change-gears, IV, 406-1 
Helical perforating, V, 7-4 
Helical planing attachment, V, 93-2; 94-j 
Helical-seam riveted pipe, V, 25-2 
Helical springs, V, 492-4 

formulas, V, 496-j 

safe stresses, V, 496-2 

stresses produced by shocks, V, 501-2 

twist spring, V, 492-4 

twist springs, formulas, V, 495-3 
Hdical teeth milling cutters, IV, 369-4; 

374-^ 
Hdico-sptral spring, V, 493-1 
Helium, HI, 543-j 

mdting point, IV, 335-j 
Hdix, m, 543-j 

angle, IV, 407-2 

geometrical construction, HI, 4x2-1 

of twist drills, H, 466-r 
Hdve hammers, IH, 182-4; 499-x 
Hematite, IV, 85-1 

pig iron, H, 279-2 
Hemispherical candlepower, I, 556-j 
Hemlock, as fuel, IH, 219-2 

nail-holding power, IV, 486-4 

spedfic gravity, V, 399-1 

strength, VI, 97-2 

weight per cubic foot, V, 399-x 

weight per foot, V, 401-2 
Hemp rope, HI, 543-4 

compered with wire rope, VI, 520-2 

strength, IV, 325-2 
Hemp, spontaneous combustion, V, 480-j 
Hennebique reinforced concrete, U, 175-1 
Heniy, HI, 543-4 
Heptagon, V, 127-j 
Herbert file-testing machine, m, 123-4 
Hercules cell, I, 250-j 
Hermaphrodite dividers, H, 38-2 
Hdroult furnace, III, 243-2 

in steel foundry, VI, 68-4 
Herreshoff mechanical roaster, IV, 490-2 
Herringbone gears, HI, 544-j 

action, HI, 545-2 

advantages, HI, 545-3 

applications, HI, 552-4 

center distance, HI, 548-4 

Citroen, III, 544-7 

cutting, methods of, IH, 546-2 

diametral pitch, HI, 548-2 

dimensions, IH, 549-1 

bobbing, HI, 546-4 

hobbing machine, HI, 367-4 

horsepower, ID, 549-4; 55i-' 



Herringbone gears, interchangeable, HI, 

547-J 

machines for cutting, HI, 359-2 

materials, IH, 550-2 

milling by disk cutters, IH, 546-2 

milling by end-mills, HI, 546-2 

pitch diameter, HI, 548-4 

planing, HI, 546-j 

points in design, HI, 551-2 

pressure angle, HI, 548-2 

production, HI, 545-4 

rolling-mill gears, IH, 550-j 

spiral angle, IH, 547-4 

steam turbine gears, ni, 550-j 

strength, HI, 549-j 

tooth proportions, HI, 548-2 

width of face, HI, 547-4 

Wuest, in, 547-2 
Hewitt lamp, IV, 347-2 
Hexagon, V, 127-3 

geometrical construction, HI, 41 1-2 

mensuration, IV, 339-1 

moment of inertia, I, 266-r 

polar moment, VI, xo6-i 

radius of gyration, I, 266-r 

section modulus, I, 266-j 
Hickory, as electrical insulation, IV, 62-4 

as fud, HI, 219-2 

band saw speed for, I, 243-4 

shafts, torsional stifihiess, V, 333-4 

specific gravity, V, 399- 1 

weight per cubic foot, V, 399-r 
Hides for bdting, curing, 1, 319-2 
High brass, I, 490-2 
High-carbon steel (crudble), H, 271-2 
High-duty attachment for pumps, V, 189-5 
High-duty drilling machine, H, 457-/; 461-2 
High-heat treatment, VI, 222-2 
High-potential rdays, A. C, V, 251-4 
High-pressure engine, VI, 36-j 
High-resistance electric p3rrometers, V, 222-2 
High-speed drilling attachments, II, 463-j 
High-speed drilling machine, H, 462-2 
High-speed engines, pressure, dearance, 

etc., VI, 5-4 
High-speed milling attachment, IV, 388-j 
High-speed steel, IV, i-i 

add for etching, I, 24-2 

analysis of, IV, 2-1 

annealing, I, loo-r; IV, 4-j 

barium-chloride heating baths for, I, 245-r 

brazing, IV, 5-1 

carbon, influence of, IV, 1-2 

cause of "checking," VI, 297-j 

chemical composition, IV, 2-7; 4-4; 7-x 

chromium, influence of, IV, 1-2 

cobalt, II, 146-4 

compared with carbon, V, 436-4 

cracks in, IV, 5-4 

cutting off, IV, 5-4 

definition, VI, 63-1 

drills, c^Munty, H, 444-j 

drills, care of, H, 441-4 

drills, Navy specifications, H, 472-4 

drills, speeds, II, 441-2; V, 440-j 

driUs, speeds and feeds, V, 441-1 

durability, V, 435-2 

effidency, IV, 6-2 

etching, HI, 70-4 

for draw-plates, VI, 512-5 

forging, IV, 2-j 

for turning chilled cast iron, IV, 7-3 

for woodworking, IV, 7-2 

grinding, IV, 4-2 

hardening, IV, 2-4 

hardness, lU, 538-2 

heating bath for, HI, 250-2 

heating for forging, IV, 2-3 

history, IV, 2-1 

manufacture, H, 272-2 

milling cutters, IV, 386-j; 386-j 



High-speed sted, molybdenum, influence of, 
IV, 1-4 

Navy specifications, IV, 4-3 

quenching, IV, 3-1 

reamers, V, 246-j 

rdorging, IV, 6-r 

saws, V, 312-3 

semi-, IV, 6-4 

silicon, influence of, IV, a-i 

taps, VI, 2 1 5-1 

Tayk)r-White process, IV, 3-4 

tempering, IV, 3-j; 4-2 

tool-holders for, IV, 4-4 

tungsten, influence of, IV, 1-4 

twist drills, H, 470-j 

uranium, VI, 378^1 

vanadium, for twist drills, H, 470-4 

vanadium, influence of, IV, 1-2 

wdding, IV, 5-2 

welding, to machine steel, VI, 477-4 
High-tension bush, VI, 308-2 
High-tension magneto, IV, 303-1 
High-voltage trip for circuit-breakers, H, 

117-2 
Hill friction dutch, U, 136-4 
Hilliard dutch, H, 141-j 
Hindley dividing engine, IV, 8-x 
IBndley gearing, IV, 7-4 

contact between worm and gear, IV, 8- j 

cutting on gear-hobbing machine, IV, 12-x 

grinding, IV, xi-4 

making, IV, 11-2 

modifications of, IV, 10-4 

objections to, IV, lo-j 

spiral gears, IV, 8-2 
Hindley screw-cutting lathe, IV, 279-x 
Hindostan oilstones, IV, 505-x 
Hindostan powder for lapping, IV, 168-4 
Hinge bdt joint, wire-dip, 1, 324-x 
Hinge curling die for, H, 284-2 
Hinged leaves for jigs, IV, 105-x 
Hinge-laced bdt joint, I, 322-4 
Hinge, rising, V, 301-4 
Hirth minimeter, IV, 409-4 
History, crane design, H, 255-x 

interchangeable manufacture, IV, 282-2 

machine tools, IV, 278-j 

micrometer, IV, 362-2 

slide-rule, V, 373-4 

standard measurements, V, 539-4 

standard weights and measures, VT, 466-x 

wire drawing, VI, 510-j 
Hit-and-miss governing of gas engines, IH, 

286-x 
Hobbed and milled gears, interchangeability , 

IV. 15-J 
Hobbed gears, causes of ddects, IV, 19-4 
Hobber, gear, see "Hobbing machines, gear" 
Hobbixig, gear, IH, 343-/ 

compared with milling, IV, 19-x 

feeds, V, 441-4 

Hindley worm gears, IV, 12-x 

hobs for, IV, 13-4; 22-j 

internal gears, IH, 347-x 

machmes for, see "Hobbing machines, 
gear" 

spiral gears, HI, 546-4 

spur gears, IH, 344-5 

worm-gears, IH, 308-1; 330-3; 370-4 

worm-gears, gearing for, IH, 371-1 
Hobbing machines, gear, III, 343-2 

capadty, IV, 19-x 

differential mechanism, advantage of, HI, 
366-4 

herringbone gear, HI, 367-4 

molding-generating, III, 343-x 

spiral gear, HI, 361-j 
Hobbing spring screw dies, taps for, H, 

377-* 
Hobs, IV, i2-j; 13-4; 22-3 
for die chasers, II, 89-4 
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Hobs, for gears, see "Hobs, spur and q>iral 
gear" and "Hobs, worm gear" 
for hammering machine dies, HI, 498-z 
for ratchet teeth, IV, la-j 
for splines, IV, 13-2 
for threading chasers, 11, Ss-4 

pipe. V, S4-I 

Sellers, IV, 25-4 

taps, see "Hob Ups" 

thread mHUng, VI, 258-2 
Hobs, spur and spiral gear, IV, 23-4 

angular position of. III, 346-j 

aiial movement of. III, 346-a 

centering, HI, 345-3 

defects, IV, 19-4 

diameters, IV, 21-4 

distortion in hardening, IV, 20-j 

generating hob-tooth, IV, 17-2 

grinding, IV, 21-j 

heat-treatment, IV, 15-2 

bobbing vs. milling, IV, 19-r 

master planing tool for, IV, i8-j 

modified tooth shape, IV, 15-2 

number of flutes, IV, 14-5 

relief, IV, 14-2 

relieving attachments for, V, 258-4 

special, IV, 16-4 

straight or spiral flutes, IV, 14-j 

teeth, generating, IV, 17-2 

threading, IV, 14-4 

thread reHeving tool, IV, 15-1 

unequal spacing of teeth, IV, 20-2 

unequal width of teeth, IV, 20-2 
Hobs, worm-gear, IV, 22-j 

angle of flute in, V, 263-2 

definition, HI, 308-1 

form of flutes, IV, 23-4 

lengths, IV, 25-2 

number of flutes, IV, 23-2 

relieving, V, 262-4 

relieving, ^iial flutes, V, 263-j 

spirally-fluted, IV, 24-2 

tapered, lU, 373-1 

thread tool, IV, 23-j 
Hob taps, IV, 25-j 

designating size, IV, 286-2 

relieving, V, 261-4 
Hoepfner process, copper, IV, 26-r 

smc, rV, 26-j 
Hoffmann ball-grinding machine, I, 234-j 
Hoffmann ball-turning machine, I, 228-2 
"Hog-nose" tool boring head, II, 453-3 
Hogshead, liquid measure, VI, 464-2 
Hoisting, H, 56-2 

accessories, inspection of, U, 60-j 

appliances, piUley dimensions for wire 
rope, VI, 527-j 

chain, care of, H, 57-r 

chains and slings, H, 56-2 

hoists, see "Hoists" 

machinery, friction dutches for, H, 136-4 

motors, IV, 437-2; 443-j 

rope, VI, 5 2 1-2 

rope for cranes, H, 247-4 

rope, Manila, IV, 325-2 

rope, steel-dad, VI, 522-4 

rope, tables, VI, 522-1; 523-3; 524-2 
Hoisto, rV, 26-j 

air-motor, IV, 28-2 

chain, screw tjqjc, IV, 26-3 

chain, spur-geared type, IV, 26-4 

differential blocks, IV, 26-2 

electric, IV, 27-4 

mine, automatic operation, IV, 438-4 

mine, motor drive, IV, 436-2 

mine, safety devices, IV, 438-2 

motors, direct-current, IV, 437-2 

motors, induction, IV, 437-2 

motors, sdection, IV, 443-3 

pneumatic, IV, 28-2 

pneumatic, lifting capadty, IV, 29-1 



Hoists, prevention of acddents, I, xx-3 

skip, in steam plant, V, 133-2 
Holdback dogs or drivers, II, 395-2 
Hold-back for lathe work, V, 553-1 
Hold-downs, planer, V, X17-2 
Holders for tools, VI, 297-/ 

die and tap, releasing, VI, 368-3 

friction tap and drill, VI, 195-3 

reamer, adjustable, V, 240-/ 

reamer, floating, V, 237-2 

thread-tool, VI, 278-2 
Holding power, of nails, V, 453-2 

of spikes, V, 453-j 

of wood-screws, V, 328-3 
Holding work for marhining, IV, 114-2 

by plaster-of-paris or wax, V, 117-4 

cylindrical parts for planing, V, 118-1 

devices for chuck work, VI, 372-4 

for milling, IV, 401-2 

thin plates for planing, V, 11 7-2 
Hole grindmg, HI, 458-j 

machines, designating size, IV, 285-1 

machines, hole and face grinder, HI, 443-2 
Holes, bell-mouthed, cause of, in grinding, 
in, 460-4 

locating methods for, IV, 21 1-3 

punched, for rivets, V, 272-3 

spadng accurately, H, 389-2 

spacing with disks, IV, 216-2 

tapped, indicating on drawings, H, 425-j 

tool for locating, IV, 193-/ 
Holland, life and cost of patents, IV, 530-3 
Hollow bars, production of, U, 456-/ 
Hollow concrete poles, VI, 3x9-2 
Hollow cylinder, mensuration, IV, 343-2 

moment of inertia, IV, 58-2 
Hollow-hexagon turret lathe, definitioii, VI, 

350-4 
Hollow mills, IV, 30-r 

designating size, IV, 285-4 

for screw machines, I, x6x-4 

for turret lathe, VI, 368-2 

holder, VI, 368-2 

relieving, V, 262-2 

tempering, HI, 519-3 
Hollow set-screws, V, 326-4 
Hollow shafts, V, 335-2 
Hollow sphere, IV, 344-4 

center of gravity. III, 43X-1 
Holly method in Bessemer process, I, 35X-4 
HoV^ wood, specific gravity and weight, V, 

399-^ 
Homo-polar machines, I, 26-3 

Honduras mahogany for patterns, IV, 536-2 

Honey-combing in boilers, I, 398-4 

Hoods for grinding wheels, in, 480-2; 

482-1; V, 304-3 
Hook-bolts, V, 327-2 

for jigs, IV, 103-2 
Hooke's coupling, VI, 375-2 
Hook flute, IV, 268-1; VI, 208-3 
Hook riffler, IH, X22-3 

for die-sinking, H, 488-4 
Hooks, crane, IV, 30-2 

general precautions, H, 59-2 
Hooks for spring cdl spadng, V, 483-4 
Hook tool, for recessing, I, 457-4 

metal spinning, V, 457-2 
Hook-tooth file, application, HI, 133-2 
Hook-tooth sprockets, H, 77-2 
Hoops, dectric welding, VI, 489-3 
Hopper, for automatic machines, I, 192-j 

for blast furnace, I, 378-2 

for press feed, V, 160-1 

pattern drafting, V, 35S-' 

thread rolling machine, VI, 263-r 
Hopson swaging machine, VI, X34-3 
Horizontal candlepower, I, 556-3 
Horizontal machines, see the class of ma- 
chine reqiured 
Horizontal tubular bcilers, I, 4x4-4 



Horn fiber, III, X09-4; IV, 66-3 
Horn-gap arrester, IV, 210-1 
Homing presses, V, 154-1 
Horsepower, IV, 31-3 

and amperes, induction motor, IV, 
468-2 

air compression, I, 31-2 

air compressors, I, 43-3; 44-j; 45-3 

bevel gearing, I, 361-2 

blowing engines, I, 391-4 

boiler, I, 422-7; V, 134-1 

boilers for different purposes, I, 422-3 

brake, IV, 32-1 

centrifugal fans, HI, 106-3 

crane motors, H, 244-3; IV, 434-3 

diagram, H, 307-3 

disk fans, IH, 107-4 

due to head of water, VI, 445-/ 

electrical equivalent of, IV, 3X-4 

equivalent in kilowatt, IV, X54-2 

equivalents, general, V, 129-7 

fan blowers, I, 386-3 

for milling, IV, 409-7 

for removing metal, IV, 409-7; 447-4 

friction wheels, HI, 2x7-2 

gas and oil engines, rated, UI, 30X-2 

gas engines, IH, 294-4 

gas engines, calculating, HI, 295-4 

hour, V, 129-7 

indicated, IV, 32-2 

machine tools, IV, 45X-3 

metric, IV, XS4-J 

motor drive, IV, 447-7 

pipe draw-benches, VI, 337-7 

pumps, V, 195-3; 209-3 

pumps, calculation, V, X96-2 

roller chain, H, 64-7 

rolling miUs, V, 284-3 

rotary blowers, I, 387-3 

sand-blast, V, 3x1-7 

specific, water turbine, VI, 457-3 

spur gearing, V, 508-3 

steam engines, VI, 5-7 

steam engines, measuring, VI, 32-2 

steam hammers, HI, X82-3 

steam turbines, VI, 59-7 

steam turbines, measuring, VI, 6x-4 

transmitted by bdting, I, 335-/; 335-4 

transmitted by cotton ropes, V, 296-7; 
296-3 

transmitted by flexible shafting, HI, X56-4 

transmitted by friction dutches, U, X34-7 

transmitted by herringbone gears. III, 

549-4; 551-/ 
transmitted by rawhide gears, V, 234-4 
transmitted by rubber bdting, I, 335-3 
transmitted by shafting, V, 335-7 
transmitted by wire rope, V, 297-3 
transmitted by wire rope, table, VI, 53X-7 
water-wheds and turbines, VI, 444-3 
windmills, VI, 506-j 
worm gearing, VI, 551-4 

Horsepower-hour equivalents, V, 129-7 

Horseshoe magnets, U, 529-2 

Horton dutch, H, 138-4 

Hose connections, fire, IV, 33-7 

Hose couplings, IV, 32-2 

Hose, sand-blast, V, 310-4 

Hose type sand-blast, V, 308-7 

Hoskins dectric furnace, HI, 252-4 

Hot-air engine, I, 5X-3 

Hot-bed in wrought-iron manufacture, VI, 
560-3 

Hot-blast pig iron, H, 279-2 

Hot chisels, percentage of carbon in, I, 557-3 

Hot-drawing bench for pipe, VI, 337-2 

Hot-forged nut machine, IV, 499-2 
dies and tools, IV, 500-4 

Hot-forged twist drills, H, 470-2 

Hot-pressed center-feed nut machines, IV, 
498-* 
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Hot-pressed center-feed nut machines, dies 

and tools, IV, 500-2 
Hot-pressed drawing paper, II, 4^0-4 
Hot-ioIUng, roUs for, V, 280-4 
Hot saws, designating size, IV, 284-4 
Hot shortness of steel, IV, 493-2 
Hot steel, shearing resistance, VI, 102-2 
Hot swaging machine, VI, 138-4 
Hot-trimming dies, II, 496-j 
Hot-tube ignition, m, 290-j 
Hot-wdl for condenser, H, 178-5 
Hot-wire electric measuring instrument, m, 

19-2 
Hot-wire meter, I, 91-3 
Hot-worked numganese steel, IV, 323-5 
Hours, working, in machine trade, VI, 541-J 
Housing for transformers and meters, VI, 

1 20- J 
Housing, planer, V, 95-j 

drilling, for assembling, I, 139-4 

independent, V, 91-4 

setting for assembling, I, 142-2 

testing, 1, 140-4 
Howe milling machine, IV, 282-4 
Hoyle's metal, IV, 33-4 
Hubbard booster, I, 262-j 
Hubbell storage battery, I, 260-j 
Hubbing process for coining dies, H, 358^ 

in drop forging, H, 474-4 
Hub-cutter for die-sinking, II, 487-4 
Hub for diemaking, m, 174-2 
Hubs, gaging keyways in, IV, 150-5 

of crane gears, H, 257-2 

standard pattern, IV, 540-4 
HuUs of ships, copper-plating, IH, 45-4 
Humphrey gas pump, V, 2x2-2 
Hundredweight, VI, 464-5 
Hungary, life and cost of patents, IV, 530-5 
Hunting, in electricity, IV, 33-4 

converters. III, 12-4 

synchronous motor, H, 7-5; IV, 472-2 
Hunting tooth, IV, 33-4 
Huntsman's process, H, 271-2 
Huron grindstones, safe speed, HI, 487-41 
"Hurricane" valve for air compressors, I, 

39-5 
Huyghen's approximation for length of arc, 

HI, 141-5 

Hyatt roller bearing, V, 275-2 

Hydrants, fire, in factories, HI, 143-5 

Hydrate, magnesia, in boiler feed water, I, 

396-4 
Hydrate, potassium, as a freezing mixture, 

m, 214-1 
Hydraiilic accumulator, I, 13-5 

design, I, 15-1 

direct type, I, 14-j 

foundation, I, 18-5 

guide frame, I, 18-2 

hydro-pneumatic, I, 15-j 

intensifiers, I, 14-5 

inverted tjrpe, I, 14-5 

types, I, 14-J 
Hydraulically-operated grinding machine, 

m, 444-2 
Hydraulic cylinders, design, H, 299-2; IV, 

38-4 
Hydraulic extrusion press, HI, 79-2 
Hydraulic fittings, working pressure, V, 

38-4 
Hydraulic forging presses, HI, 189-/ 

steam consumption. III, 191-5 
HydrauUc jacks, IV, 88-5 

assembling, IV, 93-2 

care, IV, 93-5 

causes of accidents, IV, 91-4 

claw type, IV, 89-2 

double-ptmip type, TV, 89-5 

independent pump type, IV, 89-4 

low type, IV, 89-5 

packing, leaky, IV, 92-5 



Hydraulic jacks, plungers, packing, IV, 

91-5 

pulling, IV, 89-4 

ram packing, worn, IV, 93-1 

repairing, IV, 92-z 

testing, IV, 93-2 

universal, IV, 90-J 

valves, leaky, IV, 92-5 
Hydraulic motors, VI, 444-2 

classification, VI, 44&-2 
Hydraulic power plants, V, 143-5 

building construction, V, 145-2 
Hydraulic presaes, IV, 34-1 

clamped connections, IV, 41-2 

classification, IV, 34-4 

(cylinder design, II, 299-2; IV, 38-4 

design, IV, 37-5 

double-acting, IV, 37-2 

earliest, IV, 34-5 

extrusion, IH, 86-4; 88-1 

for die pressing, n, 362-4 

frame construction, IV, 36-5 

gap frame, IV, 36-4 

inverted cylinder, IV, 35-4 

Krupp, extrusion. III, 88-j 

materials, IV, 44-2 

multi-cylinder, IV, 37-1 

packing, IV, 43-5 

platens, IV, 41-2 

ram pressiure and capacity, IV, 43-4 

tie-rods, IV, 43-2 

turret, IV, 37-2 

types, IV, 3S-3 

wheel, designating size, IV, 285-5 
Hydraulic pressm'e, for making brass ma- 
chine parts. III, 90-5 

for making cams, I, 556-r 

for molding grinding wheels, III, 472-5 
Hydraulic punch, V, 21 5-1 
Hydraulic ram, V, 209-4 
Hydraulic riveter, V, 266-2 

cylinder, V, 266-5 

designating size, IV, 285-5 

toggle type, V, 266-4 
Hydraulic shears, V, 355-J 
Hydraulic straightening press, V, 341-J 
Hydraulic tensile testing machine, VI, 226-1 
Hydraulic turbines, VI, 444-2 

classification, VI, 446-2 

construction, details of, VI, 451-4 

current and gravity type, VI, 446-5 

efficiency, VI, 457-1 

Foumeyron, VI, 448-2 

Francis, VI, 449-1 

Girard, VI, 447-5 

governors, VI, 453-5 

head and power of water, VI, 444-5 

head-gate apparatus, VI, 454-2 

herringbone gears for. III, 553-j 

horsepower due to given head, VI, 445-1 

impulse, VI, 447-2 

impulse, construction, VI, 452-2 

installation, VI, 454-2 

Jouval, VI, 449-1 

number and size, in power plants, V, 

14S-I 

Pelton, VI, 447-5 

reaction, VI, 448-r 

reaction, parts of, VI, 453-1 

runners, VI, 449--? 

runners, classification, VI, 450-j 

runners, design, VI, 450-1 

runners, diameter, VI, 450-5 

runners, mixed flow, VI, 449-4 

runner tables, VI, 450-4 

Scotch mill, VI, 448-/ 

speed limit, VI, 45^-5 

testing, VI, 455-^ 

weir table, VI, 44S-4 
Hydraulic vacuum pump, I, 58-r 
Hydraulic Van Stone joint, V, 49-1 



Hydride, potassium, spontaneous combus- 
tion, V, 480-2 
Hydrocarbon gases, cement proof to, U, 37-2 
Hydrochinon, devdoper, V, 17-2 
Hydrochloric acid, I, 23-4 

effect on lead, IV, 194-/ 

etching reagent, IV, 354-5 

etching reagent for steel, IV, 355-2 

specific gravity, V, 399--? 

used in tinning, VT, 289-5 
Hydroelectric power stations, V, 143-5 

building construction, V, 145-2 

crane facilities, V, 145-4 

electrical connections, V, 146-5 

exdters, V, 147-7 

general arrangement, V, 143-4 

grounds, V, 147-5 

heating, V, 146-j 

hydraulic units, V, 145-1 

lightning arresters, V, 147-5 

switchboards, VI, 139-5 

transformers, V, 147-2 

ventilation, V, 145-2 

water-wheda, types, V, 143-4; VI, 444-2 
Hydrofluoric add, I, 24-2 

etching reagent, IV, 354-4 

galvanizing bath, HI, 281-2 

injuries from, V, 20-5 

pickling bath, V, 20-7 

receptacles for, V, 20-5 

spedfic gravity, V, 399-2 
Hydrogen, IV, 44-2 

for lead burning, IV, 195-5 

for metal cutting, VI, 475-' ; 482-7 

for welding, VI, 475-2 

in fuels, n, 170-7 

in producer gas, HI, 3x5-5 

in water, I, 396-5 

generator, IV, X96-4 

mdting pomt, IV, 335-7 

specific gravity, V, 399-' 

specific heat, V, 40X-2 
Hydro-metallurgical copper refining method, 

n, 206-5 
Hydrometer, IV, 44-5; V, 398-2 

readings converted into specific gravity, 
V, 400-5 
Hydropneumatic accumulator, I, 15-7 
Hydropneumatic drilling machine, H, 463-2 
Hydropneumatic riveter, V, 265-4 
Hydrostatic joint, V, 44-5 
Hydrostatic press, IV, 34-7 

whed, horsepower, IV, 452-4 
Hydrostatic pressure tests, for boilers, I, 
44g.i 

Hygrometer, IV, 44-4 
Hygroscope, IV, 44-4 
Hjrperbola, IV, 44-4 

equation for, I, 93-5 

geometrical construction, HI, 41 1-4 

mensuration, IV, 340-4 
Hyperbolic logarithms, IV, 243-2 
Hyperboloidal gears, V, 368-7 
Hjrperboloid of revolution, V, 367-5 
Hyper-eutectoid steel, II, 7-5 
H3rpocydoid, V, 5x8-7 
Hypo-eutectoid steel, II, 7-2 
Hypotenuse, IV, 45-7; 337-4 
Hysteresis, II, 530-5; IV, 45-7 

loop, n, 530-4 

losses, direct-current generator, HI, 403-5 

I-beam, IV, 45-' 

moment of inertia, I, 267-7; 268-5 

pole, VI, $20-3 

radius of gyration, I, 267-7; 268-5 

section modulus, I, 267-7; 268-5 

tools for punching, V, 214-5 
Ice, latent heat, IV, 169-7 

specific gravity, V, 400-7 
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Ice, specific heat, V, 401-j 
weight per cubic foot, V, 400-1 

"Ideal" clutch, II, 142-2 

Idler, in gearing. III, 386-4 
rocking, planer drive, V, 98-2 

Idlers for belt conveyors, U, 200-4 
spacing, II, 202-3 

Ignition, gas and oil engines, HI, 289-4; 
IV, 302-4 
hot-tube, in, 290-j 
jump-spark. III, 289-4 
jump-spark, troubles, IH, 303-j 
make-and-break. III, 290-z 
make-and-break, troubles, m, 303-1 

Ignition temperatures, IV, 45-4 

ngner ^jrstem of control, IV, 437-3 

Illinois, iron and steel industries, IV, 84-2 
machinery industry, IV, 270-j 

Illium, IV, 45-4 

Illuminating gas, ignition temperature, IV, 

45-4 

specific gravity, V, 399-2 

used for metal cutting, VI, 482-x 

used for welding, VI, 475-2 
Illuminating oil, IV, 244-j 
Illumination, II, 553-j 

for di£ferent kinds of buildings, II, 554-2 

in steam power plant, V, 132-1 
Illustrations for technical articles, I, 127-j 
Imaginary quantities, in algebra, I, 65-2 
Immersion brazing, I, 502-5 
Imogen, developer, V, 17-2 
Impact tests, IV, 4^1 

machine, Charpy, IV, 46-J 
Impedance, II, 538-2; IV, 46-2 

drop, V, 530-^ 

symbol, V, 529-j 

transformer, VI, 307-4 
Impellers, centrifugal pumps, V, 202-7 

rotary blowers, I, 387-2 
Imperial bushel, VI, 464-2 
Imperial gallon, VI, 464-2 
Imperial-size drawing paper, 11, 421-x 
Imperial wire gage, VI, 5x0-1 

teble, VI, 508-r 
Imperial yard, history, VI, 467-2 
Impermeator, IV, 46-2 
Impregnating compounds, insulating, IV, 

67-4 
insulating value, IV, 61-4 

Impregnation of magnets, IV, 208-7 

Impression method, graduating by, m, 

423-4 
of cutting bevel gears, m, 350-2 

of producing gear teeth. III, 333-4 
Impressions, wax, VI, 45^-2 
Impulse gas turbine, III, 319-2 
ImpiilM tteam turbines, VI, 38-j 

Curtis, VI, 47-2 

definition, VI, 37-j 

De Laval, VI, 41-4; 45-4 

Kerr, VI, 44-4 

Rateau, VI, 47-7 

reaction and impulse combined, VI, 39-2; 
56-7 

Ridgeway, VI, 47-7 

Sturtevant, VI, 43-7 

Terry, VI, 44-^ 

Terry return-flow, VI, 50-4 
Impulse water turbines, VI, 447-a 

construction, VI, 452-2 

definition, VI, 446-2 

runners, VI, 449-2 
Incandescent lamps, n, 545-7 

bulbs, n, 547-2 

carbon-filament, n, 545-2 

comparison of different types, 11, 546-4 

compensators, use of, n, 546-4 

efficiency, II, 546-2 

frequency, 11, 547-^ 

Gem, II, 545-j 



Incandescent lamps, history, 11, 544-j 

life, n, 546-2 

Mazda, II, 545-2 

metaUized-filament, 11, 545-j 

osmium, II, 545-J 

rating, II, 546-2 

size, n, 546-4 

spacing of, II, 554-2 

tantalum, II, 545-J 

temperature, n, 546-i 

tungsten, n, 545-4 

voltage, n, 546-4 
Incandescent welding process, VI, 232-4; 

483-^ 
Inch, circular, n, 121-j 
cubic, equivalents, VI, 464-7 
cubic, in metric units, VI, 465-4 
early definition of, V, 540-7 
equivalents, VI, 463-4 
in metric units, VI, 465-j 
miner's, IV, 409-J 
of mercury, compared with other methods 

of measiuing pressure, V, 164-j 
of mercury, equivalents, table, VI, 464-4 
of water column, compared with other 

methods of measuring pressure, V, 

164-J 

quadric, V, 226-j 

square, equivalents, VI, 464-7 
Inclinable power presses, V, 150-7 
Indined-coil electric measuring instruments, 

m, i8-j 
Inclined plane, IV, 46-j 

motion on, IV, 433-2 
Inclined press, V, 150-4 

die-bed for, n, 3x2-4 
Increased twist of drills, n, 465-4 
Increment-cut files. III, x2i->2 
Incrustation in boilers, I, 397-j 
Independent chucks, n, ixo-j; 110-4 
Independent crane, 11, 233-4 
Index centers, IV, 386-4 

designating size, IV, 285-j 

multiple, IV, 55-7; 386-4 

planer, V, 92-7 

shaper, V, 351-J 
Index, in algebra, of roots, HI, 203-4; IV, 
242-4 

slide-rule, V, 374-2 
Indexing, IV, 47-2 

angular, IV, 5x-j 

block, IV, 54-j 

block, on gear-cutting machines, m, 

337-r 

compound, IV, 49-7 

compound angular, IV, 52-7 

differential, IV, 50-4 

faceplate for multiple threads, VI, 241-j 

fixtures, IV, 139-J 

former plate for profiling, V, 176-j 

head, see "Indexing head" 

mechanisms, see "Indexing mechanisms" 

movements for graduating in milling ma- 
chine, m, 424-7 

on gear-cutting machines, change-gears 
for, m, 336-4 

plain, IV, 48-J 

plate, see "Indexing plate" 

rectifying in autonuitics, I, 197-2 

simple, IV, 48-j 

spacing of reamer teeth, V, 242-4 

tapering parts, IV, 54-j 
Indexing head, II, 394-^; IV, 47- J 

designating size, IV, 285-j 

sector, IV, 53-2 

setting for milling angular cutters, IV, 
380-7 

setting for milling dutch teeth, 11, 133-j 

setting for milling side mills, IV, 375-7 

used for cam milling, I, 552-7 

use of, IV, 404-4 



Indexing mechanisms, VI, 358-2 
Acme turret lathe, VI, 362-7 
assembling, 1, 13 1-2 
automatic gear-cutting nuichine, m, 

335-^ 

automatic turning machines, I, 195-4 

Brown & Sharpe, VI, 359-4 

Bullaid vertical turret lathe, VI, 361-4 

for automatics, I, 195-4 

Garvin turret lathe, VI, 358-4 

gear-cutting machines, change-gears for, 
m, 336-4 

gear shaper, HI, 343-7 

Hartness turret lathe, VI, 360-4 

intermittent gears for, IV, 74-2 

multiple-spindle screw machine, I, 184-1 

Steinle turret, VI, 359-2 
Indexing plate, generating, II, 39X-2 

high-number, IV, 54-7 

lathe, IV, 172-7 
India, life and cost of patents, IV, 530-4 
India mica, insulating value, IV, 6i-j 
Indiana, iron and steel industries, IV, 84-2 

machine industry, IV, 270-j 
Indian corundiun, II, 219-4 
Indian red, 11, 215-2 
Indicated horsepower, IV, 32-2 
Indicating gages, dial. III, 275-7 

minimeter, IV, 409-4 
Indicating micrometer, sensitive, IV, 361-5 
Indicating wattmeters for switchboards, VI, 

147-4 
Indicating work for boxing, IV, 22X-J 
Indicator, IV, 55-2; VI, 30-4 
average-demand. III, 26-j 
cards, see "Indicator diagrams" 
center, IV, 55-2 
center and test, IV, 55-2 
demand. III, 26-2 

diagrams, see "Indicator diagrams" 
dial, in, 275-'; IV, 55-J 
for center-punch marks for boring, IV, 

221-4 
for valve-setting, use of, VI, 392-7 
frequency, VI, X48-7 
lagged-demand, m, 26-j 
manograph, IV, 326-7 
minimeter, IV, 409-4 
power factor, VI, 148-7 
pressure, dial type, for measuring mar 

chines, IV, 328-j 
pressure, for measuring machines, IV, 

327--^ 

pressure, level type, for measuring ma- 
chines, IV, 329-7 

reactive volt-ampere, HI, 22-2; V, 533- j; 
VI, X48-2 

speed, VI, 180-7 

speed, tachometers, VI, 179-2 

steam engine, VI, 30-4 

83mchronism, III, 25-7; VI, 147-4 

synchronism, definition, V, 533-j 

temperature, for switchboards, VI, 148-4 

test, IV, 55-2 

thread cutting, VI, 233-2 

wattless-component. III, 22-2 

Wright demand. III, 26-j 
Indicator diagrams, VI, 3X-2 

air compressors, I, 31-4; 47-2 

Diesel engines. III, 396-7 

Otto cycle engines, m, 295-2 

relation of valve diagram to, VI, 379-j 

steam engine, VI, 31-2 

steam, use for valve setting, VI, 392-7 

steam, wavy lines in, VI, 393-j 
Indirect valve motion, VI, 388-2 
Indium, IV, 57-J 

melting point, IV, 335-7 
Individual motor drive, machine tools, IV, 

441-J 
Indoor disconnecting switches, VI, 159-2 
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Induced draft for boilers, I, 414-j 

air pressures for, I, 384-j 

fans for, I, 413-4; m, 107-2 
Inductance^ alternating-current, 11, 538-1 

in commutator motor, IV, 473-2 

mutual, n, 539-j 

mutual, symbol, V, 529-4 

symbol, V, 529-4 
Induction, electric, IV, 57-j 

alternating-current, 11, 536-j 

apparatus, stationary, classification, V, 

532-4 
coefficient of mutual, V, 529-4 
furnaces, see ''Induction furnaces" 
generators, see "Induction generators" 
machines, classification, V, 532-1 
meters, see "Induction-type measuring 

instruments" 
motor-driven frequency changers, IV, 

461-3 

motors, see "Induction motors" 

regulator for convertors, 11, 193-1; m, 
12-2 

regulator, transformer, VI, 3x0-3 

self-, cause of sparking, IV, 480-r 

Epaik. coil, Ruhmkorff , V, 300-j 

unit of, in, 543-4 

voltage regulators, V, 533-2 
Induction fumacei, in, 247-j 

definition, III, 241-1 

Kjellin, III, 247-2 

Kjellin, in sted foundry, VI, 68-4 

R6chIing-Rodenhauser, m, 247-4 
Induction generator!, m, 405-2 

definition, V, 532-1 

losses, V, 535-^ 

stray load-losses, V, 536-2 
Induction motors, IV, 462-j 

amperes and horsepower, relation, IV, 
468-2 

care and operation, m, 7-5; IV, 471-1 

cascade operation, IV, 469-j 

changed voltage, III, 8-4 

comparison between 2- and 3-phase, IV, 

468-4 
comparison between 25- and 60-cycles, 

IV, 468-4 
connections, wrong, m, 8-2 
considered as transformer, IV, 463-2 
controllers for, II, 190-4 
controller troubles, m, 8-2 
current lag, IV, 468-1 
defects in starting compensator, m, 8-1 
definition, V, 532-/ 
efficiency, IV, 467-4; VI, 146-j 
electromotive force, IV, 463-j 
energy losses, IV, 467-3 
excessive current at starting, m, 8-2 
excessive load at starting, III, 8-2 
failure to carry load, III, S-3 
failure to start. III, 7-4 
for hoists, IV, 437-2 
frequency changes, IV, 468-2 
frequency, variation of, HI, 8-4 
losses, V, 535-2 

motor-generator set, use of, IV, 469-j 
multi-q)eed, IV, 470-j 
operation. III, 7-j 
overheating. III, 8-5 
overload, in, 8-j 
phases, IV, 464-2 
phase-wound rotor, IV, 467-j 
polyphase commutator, use of, IV, 469-4 
power factor, IV, 467-4; VI, 146-j 
production of rotating field, IV, 464-4 
regulating motor, use of, IV, 469-4 
regulation, rules, V, 537-J 
repulsion, IV, 474-x 
rotary converter, use of, IV, 469-j 
short circuit. III, 8-j 
single-phase, IV, 469-1 



Induction motors, slip, IV, 466-2 

slip and load, relation, IV, 466-4 

sparking, m, 8-4 

speed control, IV, 469-j 

starting, for converters, 11, 199-2 

starting resistance, high. III, 8-2 

stray load-losses, V, 536-2 

theory, IV, 463-2 

torque, IV, 465-j 

vibration, in, 8-4 

voltage changes, IV, 468-2 

voltage, high, ni, ^2 

voltage, low, m, 7-4 

voltage, unbalanced, m, 8-4 

wiring diagrams, IV, 470-j 
Induction pipe, IV, 57-4 
Induction port, IV, 57-4 
Induction-t3rpe measuring instruments, m, 
18-4 

frequency meters, m, 23-r 

voltmeters, m, 20-j 

watt-hour meters, in, 24-4 

wattmeters, in, 21-4 
Inductive capacity, specific, n, 540-2 
Inductive load, V, 529-2 
Inductive reactance, n, 538-2 
Inductive shunt, O, 401-2 
Inductometer, IV, 57-4 
Inductor alternator, in, 405-4; V, 532-j 
Inductor generators, m, 405-4 
Industrial education, apprenticeships, I, 
107-J 

trade schools, VI, 302-r 
Industrial oil switches, VI, 17 1-4 
Industrial photography, V, 12-4 
Industrial substations, VI, 1x9-2 

tsrpical equipment, VI, 12 1-2 
Industries, iron and steel, IV, 84-1 
Inertia, IV, 333-4 

molecular, in iron, IV, 78-j 

moment c^, IV, 57-4 

moment of, built-up beam sections, I, 
27X-2 

moment of, crane girder, n, 259-4 

moment of, in strength of materials, VI, 

104-J 
moment of, cross-sections, I, 265 

moment of, quadric inch, V, 226-j 

polar moment, V, 331-4 

polar moment, table, VI, 106-j 
Infringent, patent, IV, 527-1 
Ingot aluminum, I, 83-j 
Ingot containers for extrusion presses, m, 
81-2 

electrically-heated, m, 82-j; 82-j 
Ingots, crudble steel, defects in, n, 273-j 

molds for, II, 272-4 
Initial tension, in springs, V, 496-4 
Initial pressure in steam engmes, VI, 4-/ 
Injector, IV, 59-r 

automatic, IV, 59-j 

double-tube, IV, 59-2 

inspirator, IV, 59-4 

self-starting, IV, $9-3 
Injector-type oil burner, IV, 502-j 
Injector-type welding torch, VI, 473-2 
Ii^and piston ring, V, 91-2 
Inlet valve of gas engine, m, 292-j 
Inorganic chemistry, definition, n, 92-5 
In-phase component, V, 529-2 
Inscribed circle, V, 127-4 ^ 
Inserted cutter tools, I,' 461-2; V, 114-j 

boring toob, I, 459-4 

dies, n, 38X-2 

for deep-hole drilling, n, 450-j 

milling cutters, see "Inserted-teeth min- 
ing cutters" 

planer tools, V, 114-3 

reamers, ni, 506-4 

taps, VI, 220-3 

tool-holders for lathe, IV, 181-4 



Inserted-teeth millmg cutters, IV, 367-3; 
382-1 

dimensions, IV, 386-r 

for finishing, IV, 383-4 

formed, IV, 385-J 

high-power, IV, 384-2 
Ixiside lap, steam engines, VI, 378-4; 387-j 
Inside micrometer, IV, 359-1 

designating size, IV, 287-j 

history, IV, 366-4 
Inside-packed plunger pump, V, X91-4 
Inside relieving of threads, V, 262-2 
Inside rod gages, designating size, IV, 287-/ 
Inspectton, brass castings, I, 496-4 

files, m, XX4-1 

gages for, A. S. M. £., machine screw, VI, 

273-4 

hoisting accessories, II, 60-1 

lathes, I, 137-4 

patterns, IV, 550-4 

planers, I, X43-4 

platform scales, VI, 461-4 

steel balls, I, 238-j; 240-1 

weighing scales, VI, 462-4 
Ixispirator, IV, 59-4 
Installation, gas engines, m, 301-j 
Installation, transformer, VI, 308-j; 3x0-1 
Instantaneous relays, V, 250-2 
Institute of Electrical Engineers' standard- 
ization rules, V, 528-2 
Iiuitruction, trade sdiools, VI, 302-j 

modem ideas, VI, 305-j 
Instrument-head screws, V, 328-2 
Instruments, drafting, II, 401-4 
Instruments, electric measoring, ni, 
13-^; V, 533-2 

A. C, for switchboards, table, VI, 149-j 

cases for, grounding of, VI, 146-2 

D. C, for switchboards, table, VI, 14&-3 

on switchboard, VI, X46-1 

pyrometers, V, 221-j 

reversing switches for, VI, 165-4 

scales on, VI, 146-2 

standardization rules, V, 533-2 

transfer, m, X7-2 

transformer housing, VI, 120-j 
Instruments, heat measuring, pyrometers, 
V, 2x7-2 

in general use, V, 219-j 
Instruments, surveyor's, VI, 130-3 

bronze for, m, 489- j 

doth finish. III, 135-2 

finish on, in, X34-2 
Instrument threads, VI, 274-4 

LOwenherz, VI, 274-4 

Whitworth, VI, 275-j 
Instrument-type time-limit relay, V, 253-j 
Insulated wire, V, 537-2 
TnwiUting jomts in pipes, to prevent elec- 
trolysis, m, 31-1 
Insulation, electrical, IV, 59-4 

adit, 1, 27-1 

ambroin, 1, 9X-2 

asbestos, IV, 65-4 

asphaltum, I, X28-1 

bakelite, I, 204-4 

berrite, 1, 350-1 

capacitance of, n, 539-4 

celluloid, n, 35-j 

cements, IV, 68-/ 

circuit-breakers, n, xx9-j 

classification, IV, 62-j 

cloth, IV, 66-2 

commutator, mica for, IV, 63-j 

compounds, impregnating, IV, 67-4 

compounds, molded, IV, 64-4 

compounds, sealing, IV, 67-4 

oondensite, n, 1S3-3 

copal, n, 204-1 

dielectric, n, 342-4 

effect of temperature, IV, 6i-j 
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Insulation, electrical, fnamfJs, IV, 67-3 

fiber, m, 109-4; IV, 66-j 

fireclay, IV, 64-2 

galalith, III, 279-a 

glass, IV, 64-2 

glazes, IV, 68-j 

insulating value, IV, 60-4 

insulator thread, VI, 274-^ 

japans, IV, 67-i 

jute, IV, X43-4 

lacquers, IV, 67-4 

lifting magnet, IV, 108-/ 

liquids, IV, 67-1 

litholite, IV, 31 1-2 

marble, IV, 63-2; 326-j 

mica, IV, 62-4; 3S7-4 

micarta, IV, 358-1 

minerallac, IV, 409-2 

oils, IV, 67-/ 

oil switches, VI, 170-2 

paints, IV, 67-3 

paper, IV, 66-1 

physical properties, IV, 62-j 

porcelain, IV, 63-j 

porcelain, methods of produdng, IV, 63-4 

rubber, IV, 64-j 

rubber sheets, IV, 65-4 

selection, IV, 60-j 

sheet materials, IV, 65-j 

slate, IV, 63-2 

soapstone, IV, 63-2 

stii^ers, IV, 67-4 

tests, IV, 6a-j 

thickness, IV, 61 -i 

transformers, VI, 307-2 

varnishes, IV, 67-2 

vitreous enamels, IV, 68-1 

wood, IV, 62-4 
Insulation, heat. III, S42-J 

day, for local casehardening, 11, 9-2 

for locomotive boUer, 1, 148-2 

of pipes, m, 30-1 
Insulators, electric (see also "Insulation, 

electrical"), H. 5^7-3 
porcelain, thread for, VI, 274-j 
Insuluminum, IV, 68-2 
Insurance rate for factory ' buildings, m, 

96-4 
Intake tank, hsrdraulic ram, V, 210-5 
Intensifiers, hydraulic, 1, 14-5 
Inteniity, electrostatic field, symbol, V, 

S29-J 

magnetic field, symbol, V, 539-j 

of light, Hefner standard, in, 543-2 

of magnetization, symbol, V, 529-j 

of stress, m, 92-2 
Interchangeable manufacture, gaging ^9- 
tem for, ni, 276-4 

history of, IV, 282-2 
Interchanger, liquid-air plant, IV, 510-j 
Intercoolers for air compressors, I, 33-2; 
41-5; IV, 68-2 

cooling surface, IV, 68-4 

deflection of air, IV, 69-2 

increased efficiency, IV, 70-4 

modem type, IV, 68-j 

theory of, IV, 69-j 

volume, IV, 69-1 

water circulation, IV, 68-4 
Interest, IV, 71-2 

annuities, 1, 101-4 

sinking funds, V, 367-2 
Interference, in half-nuts, m, 496-I 

in internal gears, IV, 76-2 

patents, IV, 526-2 
Interferometer, IV, 72-j 
Interior by-pass valve, VI, 384-4 
Interlocked cutters, IV, 37S-J 

applications of different types, IV, 376-4 

design, IV, 377-2 

dimensions, IV, 376-2 



Interiocked cutters, formed, IV, 381-2 

reasons for, IV, 376-j 
Interlocking relays, D. C, V, 251-2 
Interlocking safety devices, I, 9-j 
Intermittent gearing* IV, 72-2 

bevel, IV, 74-2 

cam t3rpe, IV, 75-2 

for indexing mechanism, IV, 74-2 

high-speed, IV, 74-j 

intermittent motion, IV, 73-r 

internal, IV, 74-2 

lasring out and cutting, IV, 73-2 

sector type, IV, 73-2 

miiform motion, IV, 72-3 
Internal bevel gears, see "Internal gears" 
Internal combustion engines, m, 283-3 

Diesel, II, 370-j 

flywheels for, m, i6o-j; 169-1 

piston rings, V, 79- j 

riveter, V, 267-1 

tiirbine. III, 318-5 
Internal combustion gas pump, Humphzey, 

V, 212-2 
Internal combustion riveter, V, 267-j 
Internal combustion turbine. III, 318-j 
Internal expanding clutch, 11, 133-4; Z35*2 
Internal gage, HI, 270-j 
Intemal gears, IV, 75-j 

bevel, I, 353-2 

bevel, edge diameter, I, 354-2 

bevel, formulas, I, 358-2; 359-r 

bevel, how to avoid, 1, 359-1 

cutting, m, 346-5 

bobbing. III, 347-1 

interference, IV, 76-2 

intermittent, IV, 74-2 

teeth, odontograph for, m, 428-r 
Internal grinding, m, 457-1 

allowances, m, 459-r 

attachment, m, 457-2 

attachment, bench lathe, I, 341-1 

attachment, push-spindle, I, 341-r 

cause of bell-mouthed holes, m, 460-4 

cylindrical holes, HI, 458-1 

holding thin bushings, III, 457-4 

hokiing work, HI, 457-5; 464-J 

holes having keyways or slots, III, 461-1 

jig bushings, IV, loo-i 

machines, see "Intemal grinding ma- 
chines" 

on chucking grinders, HI, 461-2 

preventing chatter, HI, 459-4 

relation between diameter of wheel and 
hole, HI, 459-5 

relation of wheel to work, HI, 458-5 

speeds, IH, 469-4 

speeds, wheel, IH, 470-2 

speeds, work, IH, 470-5 

taper holes, HI, 458-2 

wet and dry grinding compared, HI, 
460-1 

wheels for, HI, 470-1; 486-j 

width of wheels, HI, 459-2 

work-holding devices, HI, 464-5 
Intemal grinding nuichines, HI, 432-2; 
438-2 

chucking, three-spindle, IH, 443-4 

designating size, IV, 285-1 

hole and face, HI, 443-2 

wheel-spindles, IH, 438-5 
Intemal impedance drop, V, 530-2 
Intemal lapping, IV, 160-4 

hips, IV, 159-r 
Intemal reactance drop, V, 530-2 
Intemal resistance drop, V, 530-2 
Internal star gage, HI, 276^-2 
Intemal stresses in castings, distortion due 

to, H, 1 23-1 
Intemal threads, cutting, VI, 235-5; 342-5 
Intemal vaporizer tsrpe engine, HI, 291-2 
International atomic weights, H, 94-j 



Intemational Bureau of Weights and Meas< 

ures, V, 541-4; VI, 468-1 
Intemational candle, HI, 543-2 
Intemational carat, I, 557-2 
Intemational screw threads, VI, 275-5 
Intemational volt, VI, 441-J 
Interpolation of logarithms, IV, 243-j 
Interpoles, IH, 400-4 
Invar, IV, 76-5 
Inventions, patentable, IV, 523-4 

novelty of, IV, 524-4 

utility of, IV, 524-5 

what constitutes, IV, 524-2 
Inventors, joint, IV, 529-/ 
Inventory, machine tools, 1, 106-2 
Inverse proportion, V, 177-2; 178-J 
Inverse ration, V, 177-5 
Inverse time-limit relasrs, V, 253-2; 254-1 
Inverted cylinder press, IV, 35-4 
Inverted synchronous converter, H, 196-2 
Inverted-tooth chain, U, 68-4 
Inverted-type accumulator, 1, 14-5 
Involute, V, 517-5 

gear teeth, IV, 77-5; V, 517-5 

gear teeth, bevel, I, 359-2 

gear teeth, bevel, cutters for, I, 359-4 

gear teeth, cutters for, HI, 320-4 

gear teeth, grinder for, HI, 384-4 

gear teeth, odontograph for, IH, 428-1 

geometrical constmction, IH, 411-4 

skew bevel gears, V, 368-2 

tooth shape, variations from, IV, 15-4 
Iodine, IV, 77-5 

etching reagent, IV, 355-/ 

etching reagent for steel, IV, 355-5 

melting point, IV, 335-1 
Ions, H, 96-2; 535-2 
Iridio-platinum, IV, 77-4 
Iridium, IV, 77-4 

aUoy, for lengtii standards, V, 541-4; VI, 
468-2 

alloy, iridio-platinum, IV, 77-4 

alloy, iridosmium, IV, 78-2 

heat expansion, HI, 541-5 

melting point, IV, 335-j 

specific gravi^, V, 398-5 

weight per cubic inch, V, 398-5 
Iridosmium, IV, 78-2 
PR losses, H, 534-5 
Iron (see also "Iron and steel"), IV, 78-2 

alloy, ferromanganese, HI, 109-5 

alloy, spiegeleisen, V, 453-1 

Alpha, IV, 78-4 

amount of, in ore, IV, 85-5 

best-refined, VI, 555-2 

Beta, IV, 78-4 

boiling point, I, 449-r 

busheled scrap, VI, 555-2 

butt welding, power required, VI, 494-J 

carbide of, II, 38-2 

cast, see "Iron, cast" 

castings, see "Iron, cast" 

cements, H, 38-1 

charcoal, IV, 79-4; VI, 555-2 

chromic, H, 108-5 

coefficient of friction, HI, 215-2 

coefficient of friction in brakes, I, 480-5 

coefficient of friction, rolling, IH, 214-5 

coefficient of heat radiation, HI, 542-2 

coefficient of heat transmission, IH, 542-i 

"common," VI, 555-2 

conductors, table, VI, 31X-5 

deposited per ampere-hour, HI, 42-4 

double-refined, VI, 555-2 

effect on copper-zinc alloys, H, 304-4 

effect on zinc, VI, 565-4 

electrolytic refining, IH, 40-4 

etching reagents, IV, 355-2 

Famley. VI, 555-5 

flux for soldering, V, 387-4 

galvanized, IH, 280-2 
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lion, galvanized, oxy-acetylene welding, VT« 

477-4 
galvanized, soldering fliix, V, 392-1 

galvanized, testing. III, 281-4/ 

Gamma, IV, 7^4 

grinding, wheels for, III, 469-j; 470-J 

grinding, woric speed for. III, 469-j; 

470-I 
hardneas, m, 528-2; 538-2 
beat expansion, m, 541-j 
impurity in copper refining, HE, 34-2 
in aluminum castings, I, 87-r 
indicating on drawings, n, 427-4 
in earth's crust, II, 93-1 
influence on copper alloys, 1, 27-j 
in German silver. III, 412-3 
in manganese-bronze, IV, 319-2; 320-1 
in zinc, VI, 565-i 
loss, electricity, n, 208-j 
Lowmoor, IV, 243-4; VI, 555-5 
malleable, IV, 81-4; 306-j 
malleable, in machine construction, VI, 

100-2 
malleable, osy-acetylene welding, VI, 

47^4 
malleable, shrinkage allowance, IV, 540-a 
melting point, IV, 335-J 
merchant, VI, 555-2 
mottled, IV, 81-4 
Norway, VI, 555-2 
ore, see "Iron ore'* 
oxide, in boiler feed water, I, 397-2 
pig, V, 21-5 

pig, brief review, IV, 79-j 
pig, grades of, II, 279-2 
piston rings, Swedish, V, 81-5 
plating, m, 45-z 
plating, pickling bath, m, 43-2 
puddled, VI, 555-2 
refined, IV, 79-4; VI, 555-a 
solder for, V, 387-4 
specific heat, V, 401-j 
spuming, speed for, V, 453-4 
spinning, tools for, V, 457-4 
Staffordshire, VI, 555-5 
staybolt, VI, 555-2 
strength, VI, 97-r 
sulphide, IV, 85-2 
Swedish, VI, 555-2 
testing boiler feed water for, I, 400-2 
weW, VI, 503-4 
white, IV, 81-4 

wire and wire rope, see "Iron wire" 
wrought, VI, 555-2 
wrought, brief review, TV, 79-4 
wrought, factor of safety, VI, 97-4 
wrought, for electromagnets, IV, 291-5 
wrought, in machine construction, VI, 

99-4 
wrought, Lancashire process, IVt 158-2 
wrought, manufacture, VI, 558-2 
wrought, melting point, IV, 335-J 
wrought, ix>lishing, V, 126-2 
wrought, specific gravity, V, 398-5 
wrought, specific heat, V, 401-5 
wrought, speed for drillmg, V, 440-r 
wrought, speed for planing, V, 437-2 
wrought, strength, VI, 97-1 
wrought, strength at different tempera- 
tures, VI, 98-4 
wrought, Walloon process, VI, 442-4 
wrought, weight i)er cubic inch, V, 398-5 
Yorkshire, VI, 555-5 
Iron and steel, IV, 78-2 
alloy steek, IV, 81-5 
Bessemer, IV, 80-5 
Bessemer process, I, 350-2 
bluing, niter process, IV, 498- 1 
cast iron (see also "Iron, cast"), IV, 81-5 
classification, IV, 79-2 
coating with zinc. III, 280-5 



Iron and steel, coloring, II, 160-2 

corrodibiHty, influence of various metals 
on, n, 218-4 

corrosion, n, 2x3-5 

corrosion due to electrolysis, m, 28-5 

corrosion, preventing by asphaltum coat- 
ing, 1, 1 28-1 

corrosion, preventing by painting, II, 
2x4-2; 2x7-2 

critical points, IV, 78-4 

crucible, IV, 8x-2 

cutting with gas flame, VI, 481-2 

definitions, IV, 82-1 

general properties, IV, 78-2 

industries, statistics, IV, 84-J 

malleable castings, IV, 81-4; 306-j 

metallurgy, graphical illustration, IV, 
81-4 

open-hearth, IV, 80-4 

pig iron, IV, 79-J 

protecting by Bower-Barff process, I, 
244-2 

protecting by epicassit, m, 63-5 

protecting by Lohmannizing, IV, 243-5 

protective coatings, n, 213-4 

rust-proofing (coslettizing), II, 219-4 

spark pictures, IV, 82-4 

steel, IV, 80-1 

steel castings, IV, 8x-2 

surfaces, finish of, LEI, 134-J 

world's production, IV, 84-2 

wrought iron, IV, 79-4; VI, 555-2 
Iron, cast, n, 32-5 

annealing, I, iox-4 

Automobile Engineers' specifications, n, 

33-^ 
brazing, I, 504-2 
carbon, influence of, 11, 32-5 
castings, n, 26-j 
causes of blow-holes, II, 26-/ 
chilled, n, 34-4 

chromium, influence of, 11, 33-1 
cold shuts, n, 28-2 
combined carlwn, II, 32-4 
composition, 11, 33-2; 280-2 
cupola charges for, n, 277-2 
definition, IV, 82-2 
dipping solution to preserve, V, 21-2 
diy sand molds for, U, 26-5 
factor of safety, VI, 97-4 
feed for drilling, V, 440-5 
feed for plaidng, V, 437-4 
feed for turning, V, 434-J 
floating cores, II, 28-2 
flux for soldering, V, 387-4 
for gears, V, 5 "-5 
foundiy practice, comparison with brass, 

I, 49i-«» 
graphitic carbon, n, 32-4 
gray, 11, 32-5 

green sand molds for, 11, 26-4 
growth of, n, 34-2 
hardening, n, 29-4 
hardness, m, 528-2; 538-2 
in machine construction, VI, loo-i 
latent heat, IV, 169-r 
loam molds for, n, 26-5 
malleable, IV, 306-1 
manganese, influence of, II, 33-1 
melting point, IV, 335-5 
nickel, influence of, II, 33-2; IV, 497-4 
phosphorus, influence of, 11, 33-1 
physical characteristics, 11, 33-5 
poUshing, V, 126-2 
remelting, effect of, n, 280-4 
sand-holes, 11, 28-1 
scabbiness, II, 27-4 
seasoning, V, 330-5 
shrinkage allowance, IV, 540-1 
shrinkage strains, 11, 28-5 
shrink-holes, 11, 27-4 



Iron, cast, silicon, influence of, n, 32-4 

solder for, V, 387-4 

specific gravity, V, 398-5 

specific heat, V, 401-5 

speed for drilling, V, 440-1 

speed for milling, V, 438-j 

speed for planing, V, 437-2 

speed for turning, V, 433-^; 434-r 

sponginess, II, 27-5 

strength, II, 33-5 

strength at different temperatures, VI, 
98-4 

sulphur, influence of, II, 32-4 

supporting cores, n, 27-5 

titaniiun, influence of, II, 33-2 

turning, effect of cooling water, V, 435-2 

vanadium, influence of, II, 33-2 

weight per cubic inch, V, 398-5 

white, n, 32-5 
Iron castings, see "Iron, cast" 
Iron-center wooden pulleys, V, 180-2 
Ironing in drawing dies, II, 405-j; 408-2 
Iron ore, IV, 84-5 

benefidation, IV, 86-x 

Bessemer, IV, 85-4 

classification, IV, 84-4 

determining amount of iron in, IV, 85-5 

impurities, IV, 85-5 

resources of the world, IV, 84-2 

richness of, in various countries, IV, 86-j 
Iron wire, VI, 5x2-1 

conductivity, VI, 510-5 

drawing, VI, 5x2-1 

gage. Stubs, VI, 509-2 

gage. Stubs, table, VI, 508-j 

lope, VI, 520-2 

rope, galvanized, table, VI, 524-5 

strength, VI, 97-1; 520-2 
Irrational quantity, I, 6X-5; 65-j 
Irregular shapes, trial blanks for, n, 418-4 
Irregular spacing of reamer flutes, V, 241-4 
Isinglass for belt cements, I, 325-j 
Isometric projection, IV, 86-4 

cross-section paper for, n, 422-2 
Isosceles triangle, IV, 337-J 
Isothermal compression, I, 30-/; 31-2; 32-5 

table, I, 42-j 
Italian marble for switchboards, VI, X42-2 
Italy, life and cost of patents, IV, 530-4 
Ivory, qsedfic gravity and weight, V, 400-j 

Jabk)chkov electric light, II, 544-2 
Jack, anuneter, VI, 163-5 
Jacketing, steam, VI, 26-5 
"Jack-in-the-box," VI, 423-^ 
Jack press, IV, 35-4 
Jacira, IV, 87-5 

ammeter, VI, 163-5 

causes of acddents, IV, 91-4 

for shaft turning, V, 342-1 

hydraulic (see also "Jacks, hydraulic"), 

IV, 88-5 

lever-and-rack, IV, 88-2 

packing, IV, 91-5 

planer, IV, 87-5 

plungers, IV, 9X-5 

screw, IV, 87-4 

shaper, IV, 87-5 

universal, IV, 90-z 
Jackscrew, IV, 87-4 
Jacks, hydraulic, IV, 88-5 

assembling, IV, 93-2 

care of, IV, 93-5 

causes of acddents, IV, 91-4 

daw type, IV, 89-2 

double-piunp type, IV, 89-5 

independent pump type, IV, 89-4 

low type, rV, 89-5 

packing, leaky, IV, 92-5 

plungers, packing, IV, 91-5 
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Jacks, hydraulic, pulling, IV, 89-4 

ram packing, worn, IV, 93-1 

repairing, IV, ga-x 

testing, IV, 93-2 

universal, IV, 90-1 

valves, leaky, IV, 92-j 
Jacoby metal, IV, 94-2 
Jaegar clutch, II, 140-2 
Jamb coke, n, 147-J 
James process, n, 206-4 
Jam-nut, IV, 94.-2; 222-2 
Japan-enamel, IV, 95^5 
Japanese alloys, IV, 94-2 
Japanese paper, electric insulating, IV, 

66-r 
Japan, life and cost of patents, IV, 530-4 
Japanning (see also "Japans"), IV, 94-2 

furnace, HE, 328-4 

ovens, IV, 95-4 
Japans, air-drying, IV, 9S-/ 

coatings of, for iron and steel, 11, 217-4 

colored, IV, 95-2 

driers for paints, 11, 216-4 

electric insulating, IV, 67-j 

enamel, IV, 95-5 

fires from, sawdust as an extinguisher, 

in, 143-J 
Jar, Leyden, IV, 203-j 
Jamo taper socket, IV, 96-2 

reamers for, V, 247-1 
Jarring (molding) nuichines, IV, 423-2 

cam-operated, IV, 423-4 

general. III, 213-5 

in brass foundry, I, 496-J 

roll-over machine, combination, IV, 426-2 

shoddess, IV, 424-1 

variable stroke, IV, 424-2 
Jaw clutch, n, 137-2 
Jaws, faceplate and chuck, 11, 112-7; 114-2; 

IV, 187-4 
designating size, IV, 285-5 
false, n, 1x2-2 

percentage of carbon in, I, 557-4 
Jersey pine, nail-holding power, IV, 486-4; 

V, 4S3-I 

Jet burner, oil, m, 231-2 
Jet condensers, n, 175-2 

pump for, I, 55-2 
Jewehy, hanunering machines for, m, 

497-r 
^b cranes, n, 232-4; 233- j 

application, n, 233-4 

calculation, n, 234-5 

calculation, example of, II, 237-r 

calculation of jib, II, 234-5 

calculation of mast, 11, 236-2 

calculation of strut, II, 235-4 

design, n, 234-2 

general description, 11, 232-4 

jib end connection, n, 236^ 

pillar type, n, 232-4 

pintles, n, 236-4 
Jig bushings, IV, 96-5 

adjustable boring took for, I, 458-5 

allowance for driving fit, IV, zoi-i 

allowance for grinding and lapping, IV* 

99-1 
dimensions, IV, 97-2 
gaging, IV, 100-4 
grinding, IV, 99-2 
grinding, external, IV, 100-4 
grinding, internal, IV, loo-i 
hardening, IV, 99-2 
bppmg, IV, 99-2 
lapping outside, IV, 101-2 
making, IV, 98-4 
material, IV, 97-r 
miscellaneous types, IV, 97-2 
preventing loose bushings from turning; 

IV. 97-4 
removable, IV, 96-4 



Jig bushings, screw type, IV, 98-2 

special designs, IV, 98-5 
Jig damping devices, IV, 101-5 

applications, IV, 109-5 

bell-mouthed bushings, IV, 110-4 

cams, IV, 112-1 

clamps, IV, 101-5 

eccentrics, IV, 108-2 

hook-bolts, IV, 103-2 

requirements, IV, 116-2 

screw tightening devices, IV, XQ13-4 

swinging leaves, IV, 105-1 

wedge or taper gib, IV, 107-2 
Jigging iron ore, IV, 86-5 
Jigs and flztores, IV, 114-2 

aluminum, I, 84-4 

babbitting, I, 199-2; 201-5 

boring, IV, 133-j 

boring, adjustable, IV, 134-5 

boring, for holes at an angle, IV, 135-5 

boring, locating methods for, IV, 21 1-4 

boring, supported by work, IV, 134-4 

boring tools for, adjustable, I, 458-5 

boring, types* IV, 133-2 

box, IV, 1 19- J 

box, design, IV, 128-5 

bushings (see ''Jig bushings"), IV, 96-5 

button locating method, I, 525-2 

clamping devices (see "Jig clamping de> 
vices"), IV, 101-5 

dosed, design, IV, 128-5 

oonunon defects, IV, 124-1 

definition, IV, 114-4 

design, details, IV, 120-4 

design, effect of chips, n, 103-4 

design, prindplesof, IV, 115-j 

design, procedure, IV, 125-4 

difference between, IV, 114-4 

drawings, IE, 401 -r; IV, 125-r 

drawings, momiting, IV, 125-5 

drawings, sizes, IV, 125-5 

drilj, IV, 1x4-2 

drill, used in drilling, n, 438-5 

early use of, IV 282-5 

feet, IV, 1x7-1; 127-2 

for accurate hole q^adng, 11, 389-4 

for drilling at an angle, IV, 132-5 

guiding drill, IV, 120-4 

handling large, IV, 132-4 

indexing, IV, 139-5 

leaf design, IV, 13 1-2 

locating by keywasrs, IV, 123-4 

locating devices, requirements, IV, 116-2 

locating points, IV, 12X-2 

locating points, adjustable, IV, 122-4 

materials, IV, X17-2 

milling, IV, 136-4; 139-^ 

milling, continuous, IV, X40-2 

milling, design of, IV, 139-2 

object of, IV. 1 14-2 

open, IV, XI 8-4 

open, design, IV, 126-1 

planing, IV, X36-4 

planing, examples, IV, 137-2 

planing, for locomotive cylinder saddles, 
IV, 138-4 

planing templets, IV, 138-2 

plate, n, 438-4 

rotary, IV, 143-4 

screw bushings as locating points, IV, 
1 2 2-1 

sliding bushings as locating points, IV, 
1 2 2-1 

tapping, VI, X95-2 

types, IV, 1x8-2 

using work as, IV, 120-5 

vises used as, IV, 137-2 

weight, IV, 116-4 
Jig saw in patteminaking, IV, 535-5 

designating size, IV, 284-4 
Jobbers' drill gage, II, 441-1 



Jobbers' reamers, IV, 143-2 

Jobbing work, cost estimating, n, 222-/ 

rates (1915), II, 222-5 
Johansson gages, III, 271-4 

adhesion of. III, 272-5 
Johnson friction dutch, 11, 136-5 
Johnson roller bearings, V, 275-4 
Jointer, in pattemmaking, IV, 535-2 

motor drive, IV, 440-2 
Joint inventors, IV, 529-j 
Joint owners of patents, IV, 529-2 
Joint print, pattern, IV, 542-2 
Joints, bdt, inclination of lap, I, 325-^ 

boiler, drcumferential, I, 439-4 

boiler, longitudinal, I, 440-1 

boiler, welded. I, 439^4 

Cardan, VI, 375-'^ 

flywheel, IH, 164-5 

flywhed, calculating, m, 166-2 

flywhed, spedal types. III, 165-2 

flywhed, tests on. III, 165-2 

in pattemmaking, IV, 543-1 

pipe, see "Joints, pipe" 

piston ring, V, 80-1 

piston ring, position, V, 80-4 

riveted, V, 268-4 

riveted, calking, I, 528-4 

sheet iron, V, 329-1 

silent chains, II, 70-5 

sted belt, I, 329-4 

toggle, VI, 292-4 

union, V, 45-4 

uiuversal, VI, 375-2 

universal, applied to boring bars, I, 

465-4 
Joints, pipe, V, 46-1 

Armstrong, V, 42-4 

bell and spigot, V, 43-r 

Converse, V, 49-4 

dry, V, 44-J 

expansion, V, 50-2; 77-2 

fluid-tight. III, 308-2 

ground, V, 48-5 

hydraulic Van Stone, V, 49- 1 

hydrostatic, V, 44-5 

iMd, V, 44-4 

leaky. V, 7X-4 

length of Uiread required, V, 46-5 

Matheson, V, 50-1 

pitch of bolts, V. 44-4 

plumber's wiped, V, 388-5 

riveted, V, 48-1 

rolled, V, 48-2 

rust, V, 45-2 

screwed, V, 46-1 

screwed and calked, V, 47-2 

screwed and peened, V, 47-2 

shrunk and peened, V, 47-4 

swing, V, 76-5 

Van Stone, V, 48-2 

wdded, V, 49-5 

wiped, V, 45-4 
Jolting (molding) machines, IV, 433-2 

in brass foundry, I, 496-7 
JoTile, n, 534-4; IV, 143-4 

equivalents, V, 129-2 
Journal bearings, I, 305-7 

allowable bearing pressure, I, 309-5; 31^^ 

for heavy loads at slow speed, I, 317-5 

friction of, m, 2x6-7 

heated, in generators and motors, HI, 

2-4 
Jouval turbine, VI, 449-7 
Jump-spark ignition, HI, 289-4; IV, 302-4 

troubles. III, 303-5 
Jump wdding, VI, 470-4 

on butt-welding machines, VI, 489-2 
Junction coatings, Schoop process, V, 318-5 
Juniper transmission line poles, VI, 3x6-4 

life of, VI, 317-^ 
Jute, IV, 143-4 
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Kahle's standard cell, I, 352-4 

Kahn reinforced concrete system, II, 175-1 

Kaolin, IV, 63-4 

for coating firebrick, in, 137-' 
Earavodine's experiments on gas turbines, 

ni, 319-r 
Karmarsch metal, IV, 144-r 
Keenness angle, of tool, VI, 293-2 
Keeper, horseshoe magnet, II, 529-^ 
Keep's test. III, 528-2 
Kelly (Bessemer) process, I, 350-2 
Kelvin's balance, .HE, 18-j 
Kelvin's law, IV, 144-2 
Kennedy flexible coupling, 11, 230-5 
Kennedy key, IV, 147-1 
Kerosene, IV, 244-j 

for heating furnaces, HE, 257-j 

for lapping, IV, 167-1 

for oil engines, in, 298-/ 

for quenching high-speed steel, IV, 3-1 

hydrometer test, HE, 297-r 

lubricant for drilling, II, 442-2 

specific gravity, V, 398-4 

specific heat, V, 401-3 

vaporizers for. III, 288-r 
Kerr steam turbines, VI, 44-4 
Kewanee union, pipe, V, 41-j; 44-5 
Key-and-gib connection, IV, 152-j 
Key brick, HI, 141-j 
Key-head bolt, I, 453-4 
Keyless ball-bearing drill chuck, II, 430-2 
Keys, IV, 144-2 

cotter-pins, IV, 152-5 

cotters, IV, 152-2 

double, IV, 147-J' 

draw, rV, 145-2 

feather, IV, 146-5 

fitting, IV, 148-1 

fitting, limit gages for, IV, 149-2 

flat, IV, 144-4 

gib, IV, 145-2 

Kennedy, IV, 147-r 

keyseating machines (see ''Keyseating 

machines 'Of IV, 152-4 

keyways (sec "Keyways"), IV, 148-2 

multiple splines, IV, 15 1-4 

Navy, IV, 147-3 

offset, rV, 145-5 

Pratt & Whitney, IV, 147-^ 

propeller, IV, 147-5 

punch for backing out headless, IV, 145-2 

round taper, IV, 145-4 

saddle, IV, 144-5 

spline, IV, 146-5 

sunk, IV, 144-4 

sunk, dimensions, IV, 147-4 

taper, round, IV, 145-4 

Woodruff, IV, 146-2 
Kesrseating madiines, IV, 152^ 

designating sizes, IV, 284-5 

horsqx>wer, IV, 452-J 

milling machine, IV, 400-2 

milling machine, designating size, IV, 
285-/ 
Keyaeats, sec "Keyways" 
Key slot, in locomotive piston-rod, IV, 227-2 
Keystone filler, n, 215-5 
Keyway files. III, 11 7-5 
Keywsys, IV, 144-2 

broaching, I, 513-4; 5i4-5 

effect on strength of shafts, IV, 151-1 

gaging depth when milling, IV, 151-z 

gaging, in hubs, IV, 150-5 

gaging, in shaft, IV, 149-2 

grindiiig holes having, ni, 461-1 

in milling cutters, IV, 373-5 

keyseating machines, IV, 152-4 

locating by, in jigs, IV, 123-4 

measuring and gaging, IV, 148-2 

milling, IV, 404-5 

multiple splines, IV, 151-4 



Kiln-dried wood as fuel. III, 219-2 
Kilocalorie, IV, 509-1 
Kilogram, VI, 465-2 

Arago, VI. 467-5 

in English units, VI, 465-4 

SObermann, VI, 467-4 
Kilogram-meter in foot-pounds, VI, 465-4 
Kilometer, VI, 465-1 

in miles, VI, 465-5 

square, equivalents, VI, 465-2 
Kilovolt-ampere, IV, 154-1 
Kilowatt, IV, 154-2 

equivalent in horsepower, IV, 154-2 

general equivalents, V, 129-7 
Kilowatt-hour, II, 534-4 

equivalent in heat units, I, 506-4 

general equivalents, V, 129-r 
Kinetic energy, III, 57-4 

examples of, VI, 37-2 
Kinzbrunner law for disruptive strength, 

IV, 61-2 
Kirchhoff's laws, 11, 533-4 
Kish, IV, 154-4 
Kjellin furnace, m, 247-2 

in steel foundry, VI, 68-4 
Knife-edge bearings, IV, 154-4 

platform scale, adjusting distance, VI, 

459-4 

platform scale, inspection, VI, 461-4 
Knife-edge straightedge, VI, 94-r , 
Knife-files, III, 120-1 

application, IH, 133-4 
Knife riffler, m, 122-5 

for die-sinking, n, 488-4 
Knight engine. III, 294-2 

speed of, m, 395-2 
Knives, paper and shear, steel for, II, 274-1; 

274-2 
Knockout for power press, V, 160-2 
Knot, length measure, VI, 463-4 
Knurled nuts for jigs, IV, 103-5 
Kntu-l holders, IV, 155-2 
Knurling, IV, 155-1 

cross, IV, 1 55-1 

diamond, IV, 155-1 

feeds for, I, i7&>4 

in automatic screw machine, 1, 176-2 

knurls, see "Knurls" 

speeds for, 1, 176-4 

tools, see "Knurling tools" 

turret, I, 176-4 
Knurling tools, IV, 155-2 

cross-slide, IV, 156-2 

designating size, IV, 285-4 

engine lathe, IV, 155-4 

hand, IV, 155-^ 

knurls, see "Knurls" 

opening and closing type, IV, 157-2 

turret, IV, 157-1 

turret lathe, VI, 367-4 

universal cross-slide, IV, 156-5 
Knurls, IV, 156-2 

concave, I, 176-5 

holders for, IV, 155-2 

straight, I, 176-2 

teeth, pitdi of, XV, 156-2 

tempering, m, 519-5 
Koerthig system of oil firing, IV, 503-2 
Kraft paper, electric insulating, IV, 66-2 
Krupp armor-plate steel, I, 75-4 
Krupp extrusion press, HI, 88-1 
Krupp furnace, VI, 67-j 
Krupp process for armor plate, I, 126-2 
Krypton, IV, 157-2 

melting point, IV, 335-7 
Kv.-a (KVA.), definition, IV, 154-x 

laSflng belts, I, 331-4 
canvas belting, I, 328-4 
hinge-lace joint, I, 322-4 



Lacing belts, joints, strength of, I, 336-5 

rawhide belting, I, 323-5 

rawhide belt lacing, I, 321-4 

rubber belting, I, 328-j 

straight-stitch lace, I, 322-2 

twisted rawhide belt lacing, I, 323-5 
Lacquer and lacquering, IV, 157-5 

brass, varnish for, I, 490-2 

copper composition surfaces. III, 134-4 

electric insulating, IV, 67-4 

for color effect, U, 168-2 

spraying, HI, 135-1 
Lactate, ammonium, as soldering flux, V, 

392-r 
Lactic add as soldering flux, V, 392-j 
Ladders, safe use of, in shops, I, 10-2 
Ladles, foundry, HI, 21 1-5 

for manganese steel, IV, 321-4 

in steel foundry, VI, 69-/ 
Ladles, lead-melting, designating size, IV, 

286-5 
Lagged-demand indicators. III, 26-5 
Lagged work, pattemmaking, IV, 545-5 
Lagging current, n, 537-5 

induction motor, IV, 468-1 
Lag in electricity, V, 529-1 
Lag, in iron, IV, 78-5 
LaGrange-Hoho welding process, VI, 

485-^ 
Lag screws, V, 328-5 

holding power, V, 328-5 

threads, VI, 277-5 
Lake copper, II, 204-5; 206-r 
Lamp's formula, n, 301-2; IV, 40-4 
Laminated spring, V, 492-4 

formulas, V, 493-4 
Laminated spur gears, V, 513-4 
Lampblack, II, 2x5-2 

heat insulating value, HE, 542-5 

marking for scraping, V, 319-2 
Lamp-burner galleries, perforating, V, 4-2 
Lamps, electric, n, 544-4 

arc, n, 547-4 

arc, operating mechanism, IE, 549-2 

carbon arc, U, 548-1 

carbon-filament, II, 545-2 

classification, II, 544-4 

filaments, tungsten for, VI, 343-2 

flame arc, n, 548-4 

Gem, n, 545-5 

glower, IV, 487-4 

history, n, 544-2 

incandescent, II, 545-r 

incandescent, bulbs, II, 547-2 

incandescent, comparison between differ- 
ent tjrpes, n, 546-4 

incandescent, efficiency, II, 546-2 

incandescent, frequency, II, 547-2 

incandescent, life, II, 546-2 

incandescent, rating, II, 546-2 

incandescent, size, II, 546-4 

incandescent, temperature, II, 546-1 

incandescent, voltage, II, 546-4 

luminous arc, 11, 549-1 

magna, IV, 287-/ 

Mazda, n, 545-2 

mercury-vapor, II, 550-4; IV, 347-2 

metallized-filament, n, 545-5 

Moore tube, n, 551-1; IV, 431-4 

neon vapor, IV, 431-2 

Nemst, n, 550-5; IV, 487-4 

osmium, II, 545-5 

quartz tube, IV, 347-4 

spacing, 11, 554-2 

synchronizing, m, 394-5 

tantalum, 11, 545-5 

tungsten, II, 545-4 

vapor, II, 550-4 
Lancashire process, IV, 158-2 
Land, of milling cutter teeth, IV, 369-2 

of threading dies, II, 379-2 
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Land, width of, in taps, VI, 210-2 
Lang's lay rope, IV, 15&-2 

advantages, VI, 529-2 
Lanthanum, IV, 158-2 

mdting point, IV, 335-1 
Lap joint, in belts, inclination of, I, 335-2 
L^ joint, piston ring, V, 80-1 
Lap joint, riveted, V, 269-j 

foimulas, V, 271-r 
Lap of slide valve, VI, 6-4 
Lapping, IV, 158-3 

abrasives, IV, 167-2 

abrasives, grading, IV, 162-r 

arbor centers, 1, 122-5 

bushings, allowances, IV, 99-r 

bushings, jig, IV, 99-2; 101-2 

charging wheel, IV, i66-r 

conical holes, IV, 161-1 

cylindrical, IV, i6o-r 

flat surfaces, IV, 161-2 

for finish on metals, in, 136-2 

grading diamond dust, IV, 164-2 

ground stone for, IV, 168-4 

laps for (see ''Laps, for lapping"), IV, 

158-3 

lubricants for, IV, 166-4 

machines, designating size, IV, 285-2 

master gages, IV, 162-1 

plug gage, IV, i6o-j 

precision thread, IV, 164-4 

pressures, IV, 167-4 

ring gage, IV, 160-4 

rotary diamond, IV, 163-4 

rotary disk, IV, 162-4 

rotary flat horizontal, IV, 164-3 

sound magnifier for, IV, 164-j 

speed of, for bushings, IV, 99-4 

surface plate, VI, 129-7 

tests on laps and abrasives, IV, 166-2; 
168-3 

thread tools, VI, 282-3 

wet and dry, IV, 167-4 
Ltpt, for Upping, IV, 158-3 

abrasives for, grading, IV, 162-r 

charging, IV, 162-3 

external, IV, 159-J 

flat, using, IV, 161-4 

for conical holes, IV, 161-j 

for cylindrical lapping, IV, 160-/ 

for flat surfaces, IV, 161-2 

for jig bushings, IV, 99-3 

for master gages, IV, 162-2 

for plug gage, IV, 160-3 

for ring gage, IV, 160-4 

for straightedges, VI, 95-1 

internal, IV, 159-1 

materials, IV, 158-3 

materials, comparison, IV, 159-2; 167-3 

precision thread, IV, 164-4 

rotary diamond, IV, 163-3 

rotary disk, IV, 162-4 

rotary flat horizontal, IV, 164-3 

tests on abrasives for, IV, 166-2 
Laps, in crucible steel, II, 274-1 
Lap, steam engine, VI, 378-4; 387-3 

exhaust and inside, VI, 378-4 

inside, VI, 387-3 

outside, VI, 387-3 

steam and outside, VI, 378-4 
Lap-welded pipe, strength, II, 301-r; VI, 

333-/ 
Lap welding, VI, 470-4 

electric, VI, 483-4 

machine, VI, 472-j 

pipe, VI, 331-^; 332-1 
Lap winding, D. C. motor, IV, 475-2 
Lard ofl, IV, 255-1 

adulterated, IV, 244-3 

coefficient of friction, m, 216-2 

effect on friction. III, 215-2 

for lapping, IV, 166-4 



Lard oil, for machining copper, IV, 253-3 
for quenching high-speed steel, IV, 3-1 
lubricant, cutting, IV, 254-4 
lubricant for drilling, II, 442-j 
lubricant for metal ginning, V, 460-2 
mineral, IV, 255-j 
Navy specifications, IV, 255-r 

Latch, Gheridn's, n, 40-2 
heel-and-toe, for dies, VI, 82-4 
lifting, for planer tools, V, 115-1 
side-swinging for dies, VI, 82-2 
spring toe, for dies, VI, 82-2 

Latch-4top for dies, VI, 81-7 

Latch-type of drop-hammers, 11, 500-J 

Latent heat, IV, 169-J 
of fusion, m, 268-3 
of steam, VI, 122-2 

Laterals, reducing, American standard, V, 

39-' 
extra-heavy, V, 40-2 

Lathe, IV, 169-4 
aligning headstock and tailstock, I, 137-J 
aligning lead-screw boxes, 1, 137-3 
application of motors, IV, 446-7 
apron, IV, 17 1-3 
apron, assembling, I, 132-3 
arbors (mandrels), designating size, IV, 

286-3 
arbors, plain, I, 1 10-3 
assembling, I, 135-2 
assembling, drilling operations, I, 136-4 
attachments, see "Lathe attadmients" 
automatic, I, 185-4 

automatic threading, m, 357-4; VI, 248-4 
automatic, turret, I, 187-2; VI, 356-2 
axle, IV, 179-3 

axle and wheel, motor drive, IV, 450-2 
axle, horsepower, IV, 452-3 
back gearing, IV, 173-7 
back gearing, double, IV, 173-7 
back gearing, triple, IV, 173-4 
ball bearings for, I, 220-7 
bench, see "Lathe, bench" 
bevel-gear turning in, IV, 179-3 
Blanchard, I, 376-4 
boring bench, IV, 179-4 
boring in, IV, 185-7 
boring tools for, I, 457-4 
brass, IV, 179-7 
buffing, V, 123-4 
buffing, horsepower, IV, 452-2 
burnishing, I, 521-4 
cam-cutting, I, 553-3 
capstan, VI, 351-2 
carriage, scraping, I, 136-2 
centers, see "Lathe centers" 
change-gear mechanism, see "Lathe 

change-gear mechanisms" 
change-gears, see "Lathe change-gears" 
chucking, VI, 354-4 
chucking, motor drive, IV, 450-2 
chucking, multiple-spindle, I, 187-4 
chucks, see "Lathe chucks" 
classification, IV, 170-7 
crankshaft lathe, IV, 178-4 
cross-slide, scraping, V, 321-4 
cutting speed, V, 433-2 
cutting worms in, HI, 357-2 
cylindrical turning, IV, 181-4 
depredation, II, 305-2 
designation of size, IV, 177-7; 284-2 
development of, IV, 279-7 
Dickinson, IV, 180-2 
dogs, II, 394-2 

dogs, designating size, IV, 286-3 
double-spindle, IV, 177-2 
drilling in, IV, 185-4 
drivers or dogs, IV, 184-2 
eccentric turning in, II, 521-2 
elliptic turning in, HI, 55-2 
engine, IV, 170-4 



Lathe, engine, application, IV, 180-2 

engine, horsepower, IV, 451-3 

engine, motor drive, IV, 450-7 

extension gap, IV, 177-2 

faceplate, holding work on, FV, 186-3 

fadng, rv, 179-2 

filing in. III, 131-4 

follow-rest, V, 553-3 

forge, motor drive, IV, 450-7 

Fox, IV, 179-7 

front and rear tools, use of, IV, 187-4 

gap, IV, 177-2 

general description, IV, 171-j 

geometric, IV, 180-2 

gun, IV, 179-4 

hand, IV, 177-3 

headstock, IV, 170-4 

headstock, double back-geared, V, 402-7 

headstock, friction, IV, 174-2; V, 407-4 

headstock, geared, IV, 174-2; V, 402-3 

headstock, geared motor-driven, V, 406-2 

Hindley, IV, 279-7 

inspection, I, 137-4 

knurling tool, IV, 155-4 

lead-screw, IV, 17 1-4 

lead-screw nuts, interference in, IH, 496-7 

lead-screw, testing, VI, 255-7 

Lo-swing, IV, 177-4 

Maudslay screw-cutting, IV, 279-3 

metal spinning, V, 453-4 

monitor, IV, 179-/; VI, 351-^; 354-^ 

motor drive, horsepower, IV, 448-r 

multiple, IV, 178-2 

multiple stops, IV, 175-4 

multiple-tool, IV, 177-4 

pole, lathe, VI, 419-7 

polishing, V, 123-4 

precision, I, 342-7 

pulley, IV, 179-' 

quick change-gear type, IV, 174-3 

reaming in, IV, 185-4 

relieving and taper, IV, 180-7 

relieving attachment, V, 258-4 

roll-tuming, V, 287-4 

roughing and finishing cuts, IV, 183-1 

screw constant, VI, 247-3; 248-7 

scroll, IV, 180-7 

selecting type of, IV, 188-2 

shaft turning in, V, 341-2 

^pecd, IV, 177-3; 449-4 

speed and feed mechanisms, V, 402-7 

speed changes, IV, 172-4 

spherical turning in, V, 444-3 

spindles, factor of safety, VI, 98-2 

spring-winding in, V, 480-4 

square-arbor, IV, 179-7 

steadyrests, V, 552-7 

tail-center, adjustable, VI, 217-4 

tailstock, IV, 170-4 

tailstock, setting for taper tiu-ning, VI, 
181-4 

taper and relieving, IV, 180-7 

taper attachment, VI, 183-3 

taper turning in, IV, 178-2; VI, 181-3 

thread chasing dial for, VI, 233-2 

thread cutting in, VI, 235-4 

threading, special, VI, 217-2 

threading, without lead-screw, VI, 243-3 

toolmaker's, IV, 178-4 

tools, see "Lathe tools" 

tumbler gear design, VI, 341-4 

turning and boring, IV, 179-4 

turning tools (see also "Lathe tools"), IV, 
180-3 

turret, see "Lathe, turret" 

wheel-turning, IV, 179-2; 228-2 

whed- turning, horsepower, IV, 452-3 

wood-turning, IV, 535-3 

wood-turning, horsepower, IV, 440-4 
Lathe attachments, V, 258-4; VI, 183-3 

bench lathe, 1, 341-7 
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Lathe attachments, eccentric tiimmg, 11, 
S21-4 

rdieving, V, 258-4 

spnng winding, V, 484-4 

taper, VI, 183-3 

taper, reUeving by means of, V, 262-4 

taper, special, VI, 185-4 

taper, tap threading, VI, 314-4 
Lathe, bench, I, 339-4 

chuck closer, automatic, 1, 343-5 

compound slide-rest, I, 340-j 

countershaft, I, 343-2 

cross-slide, double-tool, 1, 343-2 

grinding attachments, I, 341-1 

headstock, I, 340-/ 

milling attachments, I, 341-5 

motor drive, IV, 449-4 

push-spindle grinding attachment, I, 

341-' 

quill, I, 34S-4 

screw-cutting attachment, I, 342-1 

step chuck, L 343-1 

tailstock, 1, 340-4 

thread-chasing attachment, I, 342-a 

turret attachment, I, 343-5 
Lathe centers, IV, 169-2 

aligning, FV, 183-4 

lubricant, IV, 351-2 

percentage of carbon in, I, 557-5 

steel for, II, 374-/ 

truing, IV, 169-2 
Lethe dumge-geer mechenlemg, V, 
408-2 

applied to turret lathe, V, 4x3-4 

circular type, V, 41 1-4 

sliding gear and clutch type, V, 410-4 

diding-k^ typt, V, 409-4 

sliding worm-wheel type, V, 4x1-2 
Lethe chenge-geers, VI, 346-2 

compound, VI, 347-5 

for fractional threads, VI, 347-5 

for gear hobs, IV, 14-4 

for metric pitches, VI, 347-4 

for sprixig winding, V, 487-r 

screw constant for calculating, VI, 347-5; 
348-x 
Lethe dwckB, n, iio-i 

application of, IV, 184-5 

dfisignafing size, IV, 385-4 

magnetic, IV, 393-5 

magnetic, design, IV, 398-4 

magnetic, for heavy service, IV, 294-4 

magnetic, tsrpes, IV, 395-5 

magnetic, winding, IV, 394-2 

setting work in, IV, i8i6-2 
Lathe screw constant, VI, 347-5 

metric, VI, 348-1 
Lethe toele, IV, 180-5 

boring, IV, 181-2 

brass-turning, IV, 181-2 

deaiance, VI, 394-5 

cutting-off, IV, i8x-j 

cylindrical turning, IV, 183-5 

form tools, IV, 181-2 

hoklers, VI, 397-/ 

inserted-cutter, IV, 181-4 

parting tools, IV, i8x-i 

position of, when turning, IV, 183-2 

shape of, VI, 393-5 

side-tools, IV, i8x-r 

spedal, VI, 343-4 

square-nose, IV, 181-2 

sted for, 11, 374-2; VI, 301-2 

stdUte, VI, 73-5 

threading, IV, 181 -2 

top sIoi)e, VI, 394-2 
Lethe, turret, VI, 350-2 

arbors, 1, 113-2 

automatic, VI, 356-2 

ball turning, V, 448-4 

bar work in, examples of, VI, 370-5 



Lathe, turret, boring attachment, radixis, V, 
449-^ 

boring bar, I, 463-2 

boring tools, I, 459-1 

box tools, VI, 364-5 

centering tools, VI, 367-2 

chamfering tools, VI, 367-2 

change-gear mechanism, V, 413-4 

chatter marks, prevention, VI, 373-5 

chucking, VI, 354-4 

chuck work, examples, VI, 373-2 

chuck work, holding devices, VI, 373-4 

classification, VI, 350-2 

collapsing tap for, VI, 333-2 

cutting-off tools, VI, 367-5 

designation of sizes, VI, 356-2 

die- and tap-holders, releasing, VI, 368-5 

die-heads, self-opening, VI, 369-2 

drill-holders, VI, 367-4 

<lrillixig, VI, 371-2 

flat, VI, 352-J 

flat, double-spindle, VI, 355-2 

flat, indexing mechanism, VI, 360-4 . 

forming tools, VI, 371-4 

Fox, VI, 354-r 

gear-box, V, 413-4 

general description, VI, 351-5 

Hartness, VI, 353-5 

hollow mills, VI, 368-2 

knurling tools, VI, 367-4 

monitor, VI, 351-2; 354-^ 

pointing tools, VI, 367-2 

reamer holders, V, 337-2 

resmixig, VI, 371-J 

recessing tools, I, 467-2 

stock-feeding mechanisms, VI, 35^3 

stop mechanisms, VI, 358-2 

stops, VI, 86-2; 87-1 

taper attachment, VI, 187-4 

taper boring, Vf, 186-2 

taper tumhig device, VI, 189-1 

threading, VI, 371-J 

threading attadunent, VI, 363-4 

tilted, VI, 353-4 

tool-holders for, VI, 344-4 

tools for, VI, 363-2 

turners for bar work, VI, 369-4 

turning tools, adjustable, VI, 367-5 

turret mdexmg, VI, 358-2 

turret slides, VI, 353-2 

vertical, I, 470-5 

vertical, chip troubles in, 11, 106-1 

vertical, convex turning, V, 450-4 

vertical, multiple-spindle, I, 188-2 
Lathe type cutting-off machine, II, 390-4 
Latimer-CUrk cell, I, 350-2 
Latten, IV, 188-5 
Latticed girder, n, 358-4 
Laurel, nail-holding power, IV, 486-5 
Law cell, I, 350-2 
Law of cosines, VI, 337-2 
Law of sines, VI, '337-2 
Laws of gases, in, 307-r 
Laws of motion, Newton's, IV, 333-4 
Leying cot machine perts, IV, 188-5 

angles, I, 94-1; 98-2; IV, 193-2 

angles by sine-bar, V, 366-4 

angles, protractor for, V, 178-4 

blanking dies, 11, 343-5 

circular spacing, IV, 193-2 

coatings, IV, 190-2 

copper sulphate coating, IV, 190-2 

equipment for, IV, 188-4 

intermittent gears, IV, 73-2 

piercing dies, n, 344-5 

plate for, VI, 138-5 

procedure, IV, 190-5 

spiral bevel gears, V, 477-2 

tables for, designating size, IV, 386-4 

templets, use of, IV, X89-5 

tool for locating holes, IV, 193-r 



Laying out marhinft parts, tools, IV, 189-2 

Lay of wire rope, VI, 533-2 

Lay-out of modem plant, in, 98-2 

"La^ tong" principle, VI, 437-4 

Lead (electricity), V, 539-1 

Lead (engine valve), VI, 7-1; 387-4 

angle of, eccentric, VI, 7-4 

locomotive valves, VI, 407-2 
Lead (metal), IV, 193-4 

alloys, see ''Lead alloys" 

baths for heating steel, m, 513-2 

baths, pots for. III, 513-5 

black, V, I30-2 

black, as a lubricant, IV, 351-4 

blue, n, 315-4 

boiling point, I, 449-1 

burning, see "Lead burning" 

bushings for grinding wheels, m, 476-5 

carbonate, IV, 194-j 

chloride, melting point, HI, 351-4 

chromate of, n, 3x5-1 

chromate of, basic, 11, 3i6-r 

coating with tm, VI, 389-1 

coefficient of heat transmission, m, 543-r 

cost of spraying, Schoop process, V, 318-4 

effect on zinc, VI, 565-4 

electrically-welded, VI, 490-4 

flux for soldering, V, 387-4 

forces for embosdng dies, m, 174-2 

for extrusion. III, 89-2 

for temeplate, VI, 333-4 

gasket material, m, 308-r 

hardness, m, 538-/; 538-1 

heat expansion, m, 541-5 

impurity in copper refining, m, 34-^ 

indicating on drawings, n, 437-4 

in German silver, in, 4x3-5 

in manganese-bronze, IV, 319-2; 330-x 

in zmc, VI, 565-5 

jomt,V,44-4 

I^)s, IV, 158.5 

latent heat, IV, 169-1 

letters for patterns, IV, 539-r 

lined pipe, unions for, V, 41-4 

melting furnace for. III, 234-5 

melting ladles, designating size, IV, 286-5 

meltmg pomt, IV, 335-/ 

molybdate, IV, 439-j 

mcmoxide, n, 3x5-2 

Navy specifications, I, 68-2 

pickling bath for electroplating, m, 43-5 

pipe, see "Lead pipe" 

preventing from sticking to tools in hard- 
ening, VI, 3X1-2 

proofs of drop-forgings, n, 489-4 

protective coating for iron and steel, n, 
314-2 

red, n, 3x5-4 

red and white, as lathe center lubricants, 
IV, 351-2 

red, marking for scraping, V, 319-2 

refining, electrolytic, m, 40-5 

rods, machine for casting, V, 373-4 

safety precautions when using, FV, X95-2 

sheet, for polishing wheels, V, X34-2 

sheets covered with tin, I, 60-2 

shrinkage allowance, IV, 540-1 

slag, IV, 194-2 

smelting, blast furnace for, IV, X94-2 

solder for, V, 387-4 

qxdfic gravity, V, 398-5 

specific heat, V, 40X-5 

storage batteries, see "Lead storage bat- 
teries" 

strength, VI, 97-j 

sulphate, IV, x94-r 

sulphide, IV, X94-1 

tempered, I, 398-2 

testing boiler feed water for, I, 400-2 

virgin, IV, 194-2 

weight per cubic inch, V, 398-5 
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Lead, welding, IV, 195-2 

white, II, 2 1 6-1 

wool, IV, 198-J 
Lead (screw or helix), IV, 198-2 

millimeter, change-gears for cutting, VI, 
247-4 

of helix, m, 543-j 

of helix of drills, n, 466-j 

of milling machine, IV, 198- J 

-screw, see "Lead-screw" 

screws, testing, VI, 253-2 

screw threads, VI, 264-2 

spiral bevel gears, V, 471-4 

spiral gearing, V, 462-1 

spiral, with given change-gears, IV, 407-2 

tap and screw, difiFerence in, VI, 212-r 

taps, change-gears for "long," VI, 21 1-3 

taps, change in hardening, VI, 21 1-2 

taps, taper, testing, V, 53-2 

thread, comparators for testing, VI, 254-2 

worms, VI, 541-4 
Lead alloys, I, 71-j 

antimony, I, 297-r 

babbitt, I, 198-2 

etching reagent, IV, 355-1 

for bearing metals, I, 296-4 

for die casting, n, 338-4 

for tempering baths, m, 518-5 

fusible, m, 268-2 

linot3rpe metal, IV, 2x1-2 

Mackenzie, IV, 287-/ 

magnolia, IV, 306-z 

melting points, IV, 336-1; V, 388-J 

I)ewter, V, 10-2 

sodium, IV, 194-1 

tin-antimony, I, 71-5 

tin-copper, I, 71-4; 298-2 

tin, melting temperatures, V, 387-j 

tin-zinc-copper, I, 71-1 

typemetal, VI, 374-'" 
Lead burning, IV, 195-2 

acetylene for, IV, 197-4 

apparatus for, IV, 196-j 

torch for, IV, 198-r 
Lead-cam for automatic screw machines, I, 

545-1 
Leaded bronze, II, 207-2 
Leaded gun-metal, II, 207-2 
Leading current, 11, 540-2 
Leading power factor, V, 129-2 
Lead-lined pipe, unions for, V, 41-4 
Lead, milling machine, IV, 198-1 
Lead ikipe, V, 26-j 

lead-lined, imions for, V, 41-4 

made by eztruaon, m, 78-4 

strength, V, 22-4 

table, V, 27-3 

tin-lined, made by extrusion, m, 79-1 

weight of, V, 22-4 
LeadHicrew, IV, 171-4 

attachment for bolt cutter, I, 449-4 

auxiliary for bench lathe, I, 342-1 

boxes, aligning, I, 137-i 

calibrating, graduating machine, m, 

42I-J 

cutting threads without, VI, 243-j 

feeding by means of, IV, 172-j 

nuts, interference in. III, 496-1 

safeguarding, I, 10-4 

testing, VI, 255-r 
Leads, electric, in pyrometers, V, 222-2 
Lead storage batteries, I, 254-2 

arrangement of cells, 1, 255-4 

charging, 1, 257-4 

chaiging voltage, 1, 258-2 

containers, I, 255-i 

discharge, I, 258-4 

electrodes, I, 254-5 

electrolyte, I, 255-j 

floating, I, 259-j 

for vehicles, I, 256-5 



Lead storage batteries, initial charge, I, 
257-2 

installation, I, 255-5 

normal rating, I, 258-/ 

rate of charge and discharge, I, 257-4 

readings for, I, 256-4 

troubles and their remedies, I, 259-2 
Lead wool, IV, 198-5 
Leaf, jig, IV, 105-1; 131-2 
Leaf springs, V, 493-4 
League, length measure, VI, 463-4 
Leakage in compressed air plants, I, 42-4 
Leak-proof piston ring, V, 91-r 
Leather, I, 319-1 

belts, see "Leather beltmg" 

cements, n, 37-4 

charcoal and bone mixture for casehard- 
ening, II, 6-j 

charred, for pack-hardening, IV, 5i4-<^ 

coefficient of friction, m, 215-2 

coefficient of friction in brakes, I, 480-5 

coefficient of friction on metals, m, 217-5 

dinking die for cutting, II, 382-4 

disks, friction, m, 217-2 

fiber disks, friction, in, 2x7-2 

fillets, pattern, IV, 537-4 

for polishing wheels, V, 124-1 

indicating on drawings, II, 427-4 

polishing wheels, V, 124-5 

pulleys covered by, I, 334-2 

rawhide lacing, specifications, I, 321-4 
Leather belting, I, 318-2 

application of, I, 318-5 

arc of belt contact, I, 334-J 

bearing pressures caused by, 1, 337-J 

belt fasteners, I, 323-4; 327-1 

causes of belt failures, I, 325-4 

cemented joints, I, 324-2 

cementing in the manufacture, I, 320-4 

cements for, 1, 324-4 

chrome-tanned, I, 319-4 

coefficient of friction, 1, 335-4 

compared with rope and steel belts, I, 

329-^ 
compared with rope drives, I, 339-' 
creeping movement, 1, 332-4 
depreciation, II, 305-2 
dressings, 1, 325-5 
durability, I, 336-4 
effect of dampness, I, 327-1 
effect of weather, I, 338-4 
efficiency, I, 339-2 
hides for, I, 319-2 
high-speed drives, I, 333-^ 
horsepower transmitted, I, 335-1 
idler pulleys, application of, I, 337-5 
inclination of lap joint, 1, 325-2 
lacing, I, 331-4 
length of, I, 333-4 
manufactiure of, I, 319-^ 
manufacture of double and triple, 1, 321-j 
metal fasteners, I, 3^3-4 ' 
Navy spedficarions, I, 321-5 
oak-tanned, advantages of, I, 337-1 
presses for, IV, 34-4 
pulley diameters for, I, 321-2 
quarter-turn drives, 1, 330-4 
rawhide lacing, 1, 3^3-5 
seasoning, I, 320-5 
selection of, I, 319-1 
short lap, 1, 319-2 
side to run next to pulley, 1, 322-r 
slip between belts and pulleys, 1, 336-1 
speed and thickness, I, 321-1 
steam-proof, I, 320-j 
strength of, I, 336-^ 
strength of cemented jomts, I, 336-5 
strength of laced joints, I, 336-5 
strength of riveted joints, I, 336-5 
taiming, I, 3x9-4 
tension due to centrifugal force, I, 338-5 



Leather belting, weight of, I, 321-5 

wire clip hinge joint, I, 324-1 
Leather belt presses, IV, 34-4 
Leather-covered pulleys, 1, 334-2 
Leatheroid, IV, 66-4 

Leaves, swinging, for jigs, IV, X05-1; 131-2 
Lebon Uluminating gas engine. III, 282-4 
Le Chatelier optical pyrometer, V, 218-/ 
Le Chatelier thermo-couples, V, 220-4 

calibration temperature, V, 223-2 
Leclanch6 cell, I, 250-2 
Ledger paper, linen, II, 421-4 
Lee process for tubular shapes, m, 83-2 
Leffel windmill, VI, 505-2 
Left-hand milling cutters, IV, 402-4 
Left-hand taps, relieving, V, 262-2 
Left-hand thread, cutting, VI, 240-4 
Lcft-Uy rope, VI, 523-4 
Left-twist rope, VI, 530-5 
Leghorn converter, II, 206-1 
Lemon chrome yellow, II, 215-2 
Length measurements, VI, 463-4 

invar for, IV, 77-1 

methods of comparing, V, 542-2 

metric, VI, 465-1 

metric conversion tables, VI, 465-5 

standards for, see "Length, standards of" 
Length, standards of, V, 539-4 

alloy for, VI, 468-2 

area-measuring instruments, V, 544-2 

classification of tests made by Bureau of 
Standards, V, 542-4 

coDunerdal standards, V, 543-5 

contact standards, V, 544-1 

development in U. S., V, 541-2 

early history, V, 539-4 

gages, V, 544-1 

metal tapes, V, 543-4 

meter, establishment of, V, 540-2 

methods of comparison, V, 542-2 

micrometer calipers, V, 544-1 

precision screws, V, 544-z 

present legalized, V, 541-5 

reference standards, V, 543-2 

screw-thread gages, V, 544-r 

themuil expansion of materials, V, 544-2 

working standards, V, 543-5 

yard, standard, V, 540-5 
Loioir's gas engine. III, 282-4 
Lens, camera, V, 13-1 
Leonardo da Vind file-cutting machine. III, 

II 1-4 
Lettering drop-forging dies, n, 489-2 
Lettering or stamping dies, V, 523-4 

chipping, V, 525-4 

countering, V, 525-5 

curved surface, V, 524-2 

flat, V, 523-4 

hardening, V, 526-2 

making, V, 525-2 

marking machine, V, 524-4 

rolling, V, 524-5 

segment, V, 524-5 

sted type, V, 526-5 

sted type, embossing, V, 527-4 

steel type, engraving, V, 527-2 

sted type, routing, V, 526-4 

tempering, V, 526-2 
Letters, engraving, machines for, m, 58-4 
Letters for patterns, IV, 539-r 
Letters, Greek, in formulas, m, 201-4 
Letter size drills, II, 470-r 
Leveling blocks, planer, m, 209-2; V, 107-4 
Leveling in survejring, VI, 130-1 
Leveling-rod, VI, 130-2 
Levd method of shaft aligning, V, 336-J 
Levd pressure indicator for measuring ma- 
chines, IV, 329-1 
Levels, IV, 198-4 

angle, IV, 200-4 

architect's, VI, 132-2 
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Levels, bubble, mounting, IV, 200-j 

designating size, IV, 286-^ 

Dumpy, VI, 130-j 

for shop use, IV, 200- j 

graduations, IV, xgS-^ 

shaft aligning, V, 336-'; 337-' 

spirit, IV, 19^4 

surveyor's, VI, 130-3 

testing, IV, 199-a 

use of, in surveying, VI, 130-4 

Y- or Wye, VI, s6a-4 
Level tester, IV, 199-2 
Lerer, IV, 201 -2 

ann of, TV, 201-4 

compotmd, IV, 202-5 

formulas for, IV, 202-1 

jack, IV, 88-2 

method of solving epicycUc gearing^ m,' 
6s-2 

rolling, I, 541-1 

shears, see "Lever shears" 

switches, see ''Lever switches'' 
Lever-and-rack jack, IV, 88-2 
Lever-operated punch, V, 215-1 
Lever-ret\iming devices, n, 42-3 
Lever shears, V, 354-3 

horsepower, IV, 452-2 
Lever switches, VI, 155-2 

care and adjustment, VI, x59-4 

connections, VI, 156-4 

disconnecting, VI, 159-1 

field, VI, 157-2 

finish, VI, 156-2 

fusing, VI, 156-2 

heating, VI, 156-1 

mounting, VI, 156-3 

pivot type, VI, 156-4 

plam, VI, 155-4 

quick-break, VI, 157-1 

rupturing capacity, VI, 156-2 

spacing and break distance, VI, 155-4; 
156-3 

startmg, VI, 158-x 
Lewis factors, table, V, 508-4 
Lewis formula, IV, 203-1 

applied to bevel gears, I, 361-2 

applied to spur gears, V, 5^7-4 

factors, table, V, 508-4 
Lewis testing machine, VI, 231-3 
Leyden jar, IV, 203-3 

Licensed Automobile Manufacturers screws 
and nuts, V, 328-1 

thread, VI, 270-4 
Life of machinery and equipment, I, 105-7 
Lifter, molders', IV, 4x2-2 
Lifting board for drop-hammers, n, 501-1 
Lifting devices for assembling, I, X33-2 
lifting devices for patterns, IV, 538-2 
Lifting jacks, IV, 87-3 
Lifting latch for planer tools, V, ix5-r' 
Lifting magnets, IV, 203-4 

ampere-turns, IV, 207-3 

bipolar, IV, 205-j 

cable take-up, IV, 206-4 

circular, IV, 204-3 

classification, IV, 204-2 

coil temperature, IV, 207-4 

control, IV, 206-3 

current consumption, IV, 206-2 

design, IV, 207-2 

historic note, IV, 204-j 

impregnation, IV, 208-r 

insulating materials, IV, 208-r 

lifting capacity, IV, 205-3 

pig iron, IV, 204-3 

plate, rV, 205-1 

pole area, IV, 207-3 

pole faces, location, IV, 207-2 

rail, IV, 205-r 
Lifting mechanism for drop-hammers, II, 
506-1 



Lift of piunp valves, V, X93-4 
Lift of water pumps, V, 184-2 
ligament, efficiency of, I, 440-1 
Lightening files, m, 120-2 
lighting, electric, n, 544-2 

arc lamps, II, 547-4 

arc lamps, carbon, n, 548-j 

arc lamps, flame, II, 548-4 

arc lamps, luminous, II, 549-1 

carbon-filament lamps, n, 545-2 

classification of iUuminants, II, 544-4 

constant current, 11, 552-2 

direct-current series circuits, II, 552-3 

direct lighting, n, 553-3 

drafting-room, II, 396-2 

for different kinds of buildings, II, 554-2 

illumination, n, 553-1 

incandescent lamps, II, 545-1 

indirect lighting, 11, 553-3 

Jablochkov, 11, 544-2 

mercury-vapor lamps, n, 550-4; IV, 

347-^ 

metallized-filament lamps, II, 545-3 

Moore tube lamp, 11, 551-j; IV, 430-4 

Nemst lamps, 11, SSo-Jl IV, 487-4 

osmium lamps, n, 545-3 

power supply, II, 551-2 

quartz-tube lamp, IV, 347-4 

semi-indirect lightmg, 11, 553-3 

shop, in relation to accidents, I, 8-3 

spacing of lamps, n, 554--? 

steam power plant, V, 132-j 

tantalum lamps, II, 545-3 

tungsten lamps, n, 545-4 

vapor lamps, 11, 550-4 

wiring, II, 551-3 
light, intensity, Hefner standard, III, 543-2 
Lightning arresters, IV, 208-2 

choke coils, IV, 210-3 

condenser type, IV, 209-r 

electrolytic type, IV, 209-4 

ground connections, IV, 2x0-2 

horn gap, IV, 210-1 

in power plants, V, 147-3 

magnetic blow-out, IV, 208-4 

multi-gap, IV, 209-2 

multi-path, IV, 208-4 

vacuum, IV, 210-2 
lightning conductors for chimneys, IT, X03-3 
light-weight alloys, I, 74-2 
. magnalium, IV, 287-2 
Lignite, 11, X45-2; m, 2x8-3 
Lignitic coal, n, 145-3 
Lignum vitae, for spinning chucks, V, 455-1 

specific gravity, V, 399-' 

weight per cubic foot, V, 399-' 
Lilac colors on brass parts, II, 165-4 
Lime deposits in water jackets, III, 306-3 
Lime mortar, m, 205-2 
lime process for boiler feed water purifica- 
tion, I, 405-z 
Lime set in blast furnace, I, 380-3 
Limestone, bearing capacity for founda- 
tions, m, 209-r 

fltix in blast furnace, I, 379-4 

flux in cupola, 11, 278-1 

sawing, strand for, VI, 79-2 

specific gravity, V, 400-1 

specific heat, V, 401-3 

turning, V, 437-^ 

weight per cubic foot, V, 400-x 
limit, IV, 210-4 

elastic, VI, 96-2 

elastic, by extensometer, VI, 227-4 

elastic, commercial, VI, 227-2 

elastic, in compression, by compres- 
someter, VI, 228-3 

elastic, in testing materials, VI, 225-3 

for gearing, table, V, 5x6-4 

gages, see *' Limit gages" 

indicating on drawings, 11, 429-1 



Limit, of accuracy in drop forging, H, 477-2 

snap gage. III, 270-r 
Limit gages, m, 269-2 

adjustable. III, 270-J 

early use of, IV, 282-2 

for k^ fitting, IV, X49-2 

for recessed work. III, 274-3 

snap gage, III, 270-j 

33rstem, advantages of, m, 270-2 

^stem of using, m, 277-j 
Limonite, IV, 85-1 
Lincoln milling machine, IV, 395-2 

designating size, IV, 284-4 

double-head (duplex), IV, 396-2 

earliest t}rpe, IV, 282-4 

quick-return for table, IV, 395-3 

semi-automatic, IV, 396-j 
linden, specific gravity and weight, V, 399-r 
Line, IV, 336-2 

absolute vacuum, VI, 4-3 

atmospheric, VT, 4-3 

drop, see "line drop" 

equation for, I, 92-2 

geometrical constructions, HI, 4x0-1 

loss, II, 534-4 

of action, in gearing, V, 519-1 

on drawings, II, 424-j 

perpendicular, IV, 336-4 

pipe, V, 45-j 

shade, on drawings, IE, 424-2 
Line and level method of shaft aligning, V^ 

336-r 
linear deflection of shafting, V, 334-r 
Linear dividing engine. Brown, IV, 28X-4 
Linear expanaon, m, 54X-3 

alloy with small, IV, 76-4 

of metals, HE, 54X-3 

of steam pipe, table, V, 73-3 

of various substances, in, 541-4 
Linear graduating nuichine. III, 420-3 
linear measure, metric conversion, VI,' 

465-3 
linear pitch, worms, VI, 54X-4 
Line drop, compensation for. III, 74-r 

compensators, n, 172-1 

voltmeter compensator, V, 533-3 
Line loss, electric, II, 534-4 
Linen ledger paper, 11, 42X-4 
lineometer, IE, 65-2 
Line pipe, V, 45-j 
Liner-type chain joint, 11, 7X-1 
linesluity V, 332-2 

aligning, see "lineshaft aligning" 

allowable stress, V, 332-2 

bearings, allowable pressures, I, 310-9 
Lineshaft* aligning, V, 336-1 

attachments, V, 339-1 

countershaft, V, 337-2 

equipment, V, 336-2 

level method, V, 336-2 

levels, spedal, V, 337-1 

transit method, V, 337-3 
Lming, blast furnace, I, 378-3 

blast furnace, life of, 1, 379-x 

chinmey, 11, 103-1 

cupola, n, 281-3 

cylinder, pump, V, X92-3 
Linkage, PeaucelUer, V, x-3 
link-belt chain, n, 74-j 

action, n, 74-2 

detachable, II, 62-2 

Ewart, H, 75-4 

joint for, II, 7X-2 

pitch of, n, 78-r 

azes, n. 75-3 

sprockets, 11, 75-3 

strength, 11, 77-4 

working load, II, 77-3 
link, crane cham, II, 57-3; 58-r 
Link fuses. III, 266-r 
Link, length measure, VI, 463-4 
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Link, square, equivalents, VI, 464-r 

link, making in wire-fonning machine, VI, 

Unk motion, Peaucellier, V, x-j 

Stephenson, VI, 9-1; 403-j 

Walschaerts, VI, 409-1 
Link, planing attachment for, V, 93-1 
Linotype machine, origin of, II, 31 5-1 
Linotjrpe metal, IV, 21 1-2 
Linseed oil, boiUng point, 1, 448-4 

lubricant for wire rope, V, 298-j 

specific gravity, V, 398-4 

spontaneous combustion, V, 480-r 
Linville girder, n, 258-4 
Lip angle, of tools, VI, 293-2 

for turning cast iron, VI, 295-2 

for turning steel, VI, 295-2 
Lip surface of tool, pressure on, IV, 276-2 
Lip union, V, 45-1 

Liquid-air oxygen process, IV, 509-j; sio-r 
Liquid dampmg, electric instruments. III, 

14-3 
Liquid fuels, HI, 2x9-4 

oil engine. III, 296-4 

petroleum, V, xo-i 
Liquid heatmg baths for steel, m, 5x3-^ 

oil furnaces for, m, 261-5 
Liquid measure, VI, 464-2 

metric, VI, 465-2 
Liquid rheostats, 11, 189-2; 189-j 
Liquids, II, 93-J 

heat of, definition, VI, 122-2 

predaon measure of, VI, 463-3 

pumps for, V, X83-4 

specific gravity, V, 398-2; 398-4 
Liquid type tachometer, VI, X79-J 
Lbts, drafting-room, II, 399-2; 401-2 

for materials, V, 166-j 
Liter, VI, 465-^ 

in English units, VI, 465-j 
Litharge, 11, 215-2 
Lithium, IV, 21X-2 

carbonate, melting point, m, 35x-j 

chloride, melting point, IQ, 25X-4 

fluoride, melting point, m, a5x-4 

in alloys, I, 74-4 

melting point, IV, 335-1 
Litholite, IV, 2xx-2 
Lithopone, n, 2x5-2 
Live center, IV, 169-4 
Live load, VI, 96-1 
Live oak, specific gravity and weight, V, 

399-' 
Live steam piping, power plant, V, X39-4 
LjungstrOm turbine, VI, 57-4 
Lloyd & Lloyd thread, VI, 268-2 
Lloyd's hawsers, VI, 530-3 
Llojrd tube-welding machine, VI, 339-2 
Load, VI, 95-4 
application of, to machine members, ITT, 

93-^ 
ball bearings, I, 2xx-2 
brake, I, 480-7; 484-2 
connected, V, 530-5 
dead or steady, VI, 96-1 
dead or steady, factor of safety, VI, 97-4 
factor, IV, 21X-5; V, 530-2 - 
inductive and non-inductive, V, 529-2 
live, VI, 96-1 
losses, stray, in electrical machines, V, 

S34-4; 536-^ 

roller bearings, V, 278-r 

ropes and chains, safe, 11, 59-4 

variation, turbine, effect of, VI, 60-2 

varying, factor of safety, VI, 97-4 

working. III, 92-2 

worm gearing, allowable, VI, 545-2; 546-2 

Load-and-fire reversing mechanism, VI, 89-5 

Load brakes, I, 480- j; 484-2 

Loaded grinding wheels, III, 478-4 

Loam cores, n, 2x1-4 



Loam, heat insulating value, m, 542-4 

molding. III, 2x2-5; IV, 4XX-2 

molding, spindle and sweep^ IV, 4x9-4 

molds for castings, II, 26-5 

skinning, IV, 4XX-2 
Lobdell roll grinding machine, V, 279-2 
Local hardening, III, 520-1 

by ozy-acetylene flame, VI, 482-4 

caaehardening, II, 8-4 

of gears, III, 378-2 

of steel, enamelite for, m, 57-1 
Locating devices, jig, TV, X16-2; 12 1-2; 

X22-4 

Locating methods, IV, 2x1-5 

button, IV, 21X-4 

button-and-plug, IV, 2x9-1 

center-punch, IV, 220-5 

disk, IV, 213-r 

disk-and-button, IV, 2x3-5 

disk-and-square, IV, 2x6-1 

holes, tool for, IV, 193-J 

master-plate, IV, 217-2 

micTometer-and-plug,.IV, 2x8-r 

precision, for boring, IV, 217-4 

setting anguUr work, IV, 2x5-2 

size-block, IV, 2x6-4 

size-block and gage, IV, 219-2 

spacing holes with disks, IV, 2x6-2 

vernier height gage and plug, IV, 220-2 
Locating points, jigs, IV, x2x-2 

adjustable, IV, 122-4 
Locating work on planer, V, 1x8-5 
LocUng and damping devfces, n, 123-2 

bolt damiHng, II, X25-1 

eccentric clamping, n, 127-2 

friction locking, II, 130-4 

positive locking, 11, X28-4 

quick-releasing, U, X28-4 

set-screw clamping, II, X24-4 

split collar clamping, 11, 126-4 

spring plungers, II, 130-5 

wedge damping, II, X27-1 
Lock-joint, Converse, V, 49-4 
Lock-nuts, IV, 222-2 

conduit, table, VI, 538-2 

U. S. Navy, IV, 222-2 
Locks, friction, for handwheels, III, 5x1-5 
Locomobile type of engine, effidency, VI, 

29-3 
Locomotiye, I, 146-4; IV, 224-1; VI, 

403-2 
assembling, see "Locomotive assembling" 
axles, lubrication, IV, 246-5 
bearings, allowable pressures, I, 3x0-2 
check-valves, IV, 236-5 
connectixig-rods, IV, 233-4; VI, x7-r 
crane, II, 233-1; V, 133-2 
crankpins, holes for, boring in quartering 

machine, V, 226-4 
crankpins, renewing, IV, 229-2 
crankpins, testing position of, IV, 230-2 
cross-head guides, IV, 233-2 
cylinder saddles, planing fixture, IV, X38-4 
cylinders, boring, IV, 225-1 
cylinders, lubrication, IV, 250-2 
cylinders, re-lining, IV, 225-2 
dismantling, IV, 234-2 
driving-wheel boxes, IV, 230^4 
driving wheels, boring crankpin holes, I, 

479-2 
driving wheels, tinning, IV, 228-2 
eccentrics, turning, IV, 237-2 
frame slotter, V,'_38i-5; 384-5 
link motion, VI, 403-2 
link planing attachment, V, 93-r 
lubricating oil, IV, 246-j 
lubrication, grease for, IV, 245-5 
lubrication, of heavy, IV, 246-5 
main-rod, IV, 235-2 
mine, motors for, IV, 438-4 
oilers, designating size, IV, 2S6-5 



Locomotive, pedestal shoes, IV, 232-2 

piston, repairing, IV, 226^-4 

piston rings, V, 79-5; 80-2 

piston rings, arrangement, V, 80-5 

piston-rod, truing, IV, 227-1 

piston valves, IV, 226-5 

repair work, see "Locomotive repair 
work" 

ade-rods, VI, i8-r 

slide valves, IV, 225-5 

firing rigging, IV, 236-4 

qirings, chrome-vanadium steel, V, 500-1 

staybolts, testing, VI, 232-1 

staybolts, Whitworth thread for, VI, 
268-5 

taper reamers, IV, 239-r 

throttle valve, grinding, IV, 235-4 

valve-gear, VI, 9-1; 403-2 

valve motion, Stephenson, \^, 403-2 

valve motion, Walschaerts, VI, 409-r 

valve setting, see "Locomotive valve set- 
ting" 

wheel-centers, IV, 228-4 

whed-centers, shrinking tires on, IV, 
229-4 

whed tires, IV, 228-5 
LocomotlTe aaaembling, I, X46-4; IV, 
237-2 

after repairing, IV, 237-2 

aKgning frames and cylinders, I, X47-4 

boiler insolatibn, applying, 1, 148-2 

fitting the boiler, I, 148-4 

frames, 1, 147-1 

shoes and wedges, 1, 148-2 

testing the boiler, I, X48-2 

time required for, I, X49-4 

valve motion, 1, 149-2 
Locomotive crane, 11, 233-1 

in power station, V, 133-2 
LocomotiTO repair workt IV, 224-j 

assembling, IV, 237-2 

boring cylinders, IV, 225-1 

check-valve, IV, 236-5 

connecting-rods, IV, 233-4 

erankpms, IV, 229-2 

crankpins, testing podtion, IV, 230-2 

cross-head guides, IV, 233-2 

crown brasses, IV, 231-4 

cylmders, boring, IV, 225-r 

cylinders, re-lining, IV, 225-2 

dismantling, IV, 224-2 

driving-boxes, fitting, IV, 232-1 

driving-wheel boxes, IV, 230-4 

driving wheds, IV, 228-2 

eccentrics, IV, 237-2 

main-rod, IV, 235-2 

metallic packing, IV, 238-4 

pedestal shoes, IV, 232-2 

piston, IV, 226-5 

piston-rod, IV, 227-1 

piston-rod key slot, IV, 227-2 

piston valves, IV, 226-5 

shrinking tires on wheel-centers, IV, 229-4 

dide valves, balanced, IV, 226-2 

slide-valve seat, IV, 225-5 

spring rigging, IV, 236-4 

throttle valve grinding, IV, 235-4 

trepanning, IV, 234-2 

wheel-centers, IV, 228-4 

wheel tires, IV, 228-5 
Locomotive taper reamers, IV, 239-j 

designating size, IV, 286-r 

ocomotive valve setting, VI, 403-2 

eccentrics, setting approximately, VI, 
406-1 

eccentrics, setting exact, VI, 407- / 

equalidng cut-off, VI, 407-5 

equalizing valve travel, VI, 406-5 

lead of valves, VI, 407-2 

locating dead centers, VI, 405-4 

locating port marks, VI, 404-5 
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Locomotive valve settmg, preparatory work, 
VI, 404-/ 
revolving wheels, VI, 405-2 
setting valves without main rod, VI, 40S- j 
Stephenson valve-gear, VI, 403-2 
Walschaerts, correction for imequal lead, 

VI, 4"-4 

Walschaerts, inside-admission, VI, 413-4 

Walschaerts, inside-admission, correcting 
lead, VI, 414-J 

Walschaerts, outside-admission, VI, 410-j 

Walschaerts valve-gear, VI, 409-j; 410-r 
Locust, as fuel, m, 3x9-2 

nail-holding power, IV, 486-4; V, 453-1 

specific gravity, V, 399-' ' 

transmission line poles, VI, 3x6-4 

weight per cubic foot, V, 399-i' 
Lodestone, n, 528-2; IV, 30X-2 
Logarithmic diagram, 11, 307-4 
Logarithmic paper, II, 422-2; IV, 239-2 

compared with cross-section, IV, 239-4 
Logarithmic scale speed range, IV, 272-2 
Logarithmic tables, use of, IV, 241-1 
Logarifhms, IV, 340-4 

base of, IV, 24x-r 

Briggs,.IV, 340-4 

characteristic, IV, 341-1 

division, IV, 343-2 

extracting roots, IV, 343-4 

hyperbolic, IV, 343-2 

in interest calculations, IV, yi-3 

in solving triangles, VI, 337-4 

interpolation, IV, 343-1 

mantissa, IV, 34X-1 

multiplication, IV, 343-1 

Napierian, IV, 343-j 

natural, IV, 343-j 

powers of numbers, IV, 343-j 

use of tables, IV, 34x-r 
Lohmann bath, IV, 343-j 
Lohmannizing, IV, 343-5 
Loman steel, IV, 330-4 
London wire gage, VI, 510-1 
Long ton, VI, 464-3 

Loom dutches, cork inserts in, 11, 144-4 
Looping mill, VI, S^9-3 
Loose bushings, IV, 96-j 

preventing from turning, IV, 97-4 
Loose molding, m, 3x3-j 
Losses in electrical apparatus, V, 534-' 

classification, V, 535-J 

energy! conductor for given, VI, 3x4-4 

energy, in conductors, VI, 3x3-2 

energy, voltage regulation for given, VI, 

314-4 

in constant-potential machines, V, 534-4 

in rotating machines, V, 535-4 

in transformers, VI, 306-4 

stray load, V, 534-4; S36-2 
Lo-swing lathe, IV, X77-4 
Low brass, I, 490-j 
Ldwenherz thread, VI, 374-4 

table, VI, 375-2 
Low-heat treatment, VI, 333-5 
Lowmoor iron, IV, 343-4; VI, 555-5 
Low-potential relajrs, V, 252-5 
Low-pressure engine, VI, 36-r 
Low-pressure turbine, VI, 57-1 
Low-pressure welding torch, VI, 473-2 
Low-resistance pyrometers, V, 233-2 
Low-tension magneto, IV, 303-/ 
Low-voltage potential relays, V, 350-r 
Low-voltage secondary relays, V, 255-4 
Low-voltage trip, for circuit-breakers, 11, 
1 1 7-1 

for oil switches, VI, 177-1 
Lubricants (see also "Lubrication"), IV, 
244-1 

adds in, IV, 247-2 

add test, IV, 247-5 

adulterants, IV, 244-2 



Lubricants, armature shaft, IV, 246-r 

ball bearing, IV, 346-2 

ball bearings, graphite, I, 331-4 

bearing (see also "Lubrication of bear- 
ings"), I, 314-J; IV, 244-r 

bearings in hot places, IV, 246-5 

bicycle chain, IV, 246-2 

blended oils, IV, 245-2 

blown oils, IV, 244-2 

cold test, IV, 249-5 

cutting, see "Lubricants for machining 
operations" 

cylinder, air compressor, IV, 250-4 

cylinder, engine, IV, 246-2 

cylinder, gas engine, IV, 246-5 

cylinder, locomotive, IV, 250-2 

cylinder oil, selecting, IV, 250-1 

deflocculated graphite, II, 304-2; IV, 
353-4 

di£ferent kinds, effect on friction, HI, 
3x5-2 

distilled oUs, IV, 345- j 

driving chain, 11, 67-2; IV, 346-2 

effect on friction. III, 215-2 

engine, IV, 246-2 

fats, IV, 244-2 

fixed oils, IV, 344-2 

flashing point, IV, 348-4 

gas and oil engine, in, 300-5 

generators, IV, 346-2 

graphite. III, 438-5; IV, 351-4 

graphite, deflocculated, II, 304-2; IV, 
353-4 

grease, IV, 344-2; 35X-5 

gumming, IV, 345-5 

gumming test, IV, 347-5 

heavy loads and low speeds, IV, 345-4 

high speed, IV, 246-r 

influence of, on friction in bearings, I, 

307-4 
lathe centers, IV, 351-2 

locomotive axle, IV, 246-5 
locomotives, IV, 246-1 
low temperatures, IV, 251-1 
machinery, delicate, IV, 246-2 
machine tools, IV, 246-1 
machining operations (see also "Lubri- 
cants for machining operations "), IV, 

253-/ 
mineral oils, IV, 244-r 
moderate speeds, IV, 246-r 
motors, IV, 246-2 
natural oils, IV, 245-1 
oil engines, consumption of. III, 297-4 
petroleum, IV, 244-5 
piping for, V, 140-4 
pneumatic hammers, IV, 246-2 
pressure carrjring capacity, I, 308-1 
properties, IV, 24S-i» 
reduced oils, IV, 245-1 
rosin oils, IV, 244-2 
rust preventing, II, 2x9-1 
setting point, IV, 249-5 
shafting, IV, 246-1 
soap, IV, 244-2 
solid, metaline, IV, 348-2 
talc, IV, 25X-4 
testixig, rV, 246-4 
testing mechanically, IV, 247-4 
textile machinery, IV, 246-2 
thickened oils, IV, 244-2 
turbines, IV, 246-2 
viscometers, IV, 248-2 
viscosity, IV, 245-r; 248-1 
viscosity, effect of, IV, 248-5 
worm gearing, IV, 25 x -2 
Lubricants for machining operations, 
IV, 353-r 
aluminum, I, 87-2; 87-5; IV, 254-2 
aluminimi, threading, I, 89-2 
application to tool, IV, 255-2 



Lubricants for machining operations, auto- 
matic screw machine, I, 156-5 
babbitt turning, IV, 253-5 

brass, drilling, IV, 255-2 

brass, turning, IV. 253-5 

broaching, IV, 254-5 

bronse, turning, IV, 353-5 

burnishing, I, 533-4 

copper, drilling, IV, 355-2 

copper, extrusion of, HI, 89-4 

copper, tummg. IV, 353-5 

cylindrical grinding, IV, 354-2 

distribution of (see also "Lubricatmg sys- 
tems for cutting tools"), IV, 256-1 

drawing and forming. 11, 4x0-4 

drilling, n, 442-/; IV. 353-4 

effect on cutting speed, V, 435-r 

fluting, IV, 353-4 

form grinding, IV, 354-2 

German silver, drilling, IV, 355-2 

grhiding, m. 453-5; IV, 354-2 

hacksaws, m, 495-4 

bobbing chasers, 11, 85-2 

m stick form, IV, 355-2 

lapping, IV, 166-4 

laid oil, spedfications for, IV, 355-j 

lard oil used as, IV, 254-4 

magnaliiim, IV, 288-1 

milling, IV, 253-4; 385-2 

mineral lard oil used for, IV, 255-r 

pipe threading dies, V, 47-2 

piping systems for (see also "Lubricating 
systems for cutting toob"), IV, 256-1 

planing steel, V, 1x5-/ 

recovering used, IV, 261-2 

separation from chips, IV, 265-4 

spinnmg gold, ,V, 460-4 

spuming metalis, V, 460-2 

spiiming silver, V, 460-4 

surface grinding, m, 462-2; IV, 354-2 

tap manufacture, VI, 3x5-5 

tappiikg, rV, 354-5; VI, 302-5; 222-2 

thread cutting, II, 85-2; IV, 253-5 

turning, IV, 253-2 

turning gutta-percha, V, 437-1 

wire drawing, VI, 512-5 
Lubricated surfaces, fricti3n of, m, 315-/ 
Lubricating oils (see "Lubricants"), IV; 

244-r 
Lnbricating systems for cutting tools (see 
also "Lubricants for machining opera- 
tions"), IV, 256-r 

boring bar with provision for lubricant, 
I, 460-r 

centrifugal pumps, IV, 257-j 

drainage pans, IV, 264-7 

draining lubricant to supply tank, IV, 
361-4 

drii>-can method, FV, 256-4 

geared pump, IV, 257-2 

geared pump, capadties, IV, 257-5 

general principles, IV, 356-2 

guards and splash-plates, IV, 263-2 

methods of distribution, IV, 258-2 

ofl-tube drill, II, 440-5 

piping systems, IV, 258-2 

plunger pump, IV, 257-1 

pump accessories, IV, 258-1 

pumps, IV, 257-1 

recovery of used lubricant, IV, 261-2 

separation of chips and lubricant, IV, 

365-4 
telescopic piping, IV, 360-2 
wing pump, IV, 357-2 
Lubrication (see also "Lubricants"), IV, 

345-4 
forced, I, 316-5; 318-2 
of ball bearings, I, 331-1 
of bearings^ see "Lubrication of bearings" 
of compressor cylinders, 1, 41-4 
of crank bearing, in, 300-5 
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Lubrication, of cylinders, impermeator, IV, 
46-2 

of different claaaes of machinery, IV, 246-2 

of driving ropes, V, 394-4 

of gas and oil engines, in, 300- 1 

of overhead cranes, II, 254-4 

of planer ways, I, 290-j 

of pneumatic hammers, V, 122-4 

of silent chain, n, 69-4 

of steam turbines, VI, 60- j 

of wire ropes, 11, 60- j; V, 298-j; VI, 529-2 

ring, I, 318-1 
Lubrication of bearing!, I, 314-j 

collars and washers, I, 39X-X 

elevated oil tanks, I, 286-4 

flat sliding surfaces, I, 289-2 

lubricants (see also " Lubricants ")» IV, 
244-1 

lubricating devices, I, 2S2-3 

lubricating loose gears and pullej^ I, 
293-1 

lubricating vertical spindles, I, 291-2 

lubrication by felt pads, I, 282-4 

methods, I, 280-4 

methods of supplying lubricants, I, 281-4 

modem practice, I, 317-4 

oil baths, I, 293-2 

oil circulated by pumps, I, 285-4 

oil distribution, I, 281-2 

oil supply, I, 281-1 

piping for conducting lubricants, I, 287-2 

preventing waste of oil, I, 294-2 

quantity of oil, I, 281-2 

ring oiling, I, 283-2 

wick oiling, I, 284-4 
Lubricators, graphite, IV, 352-2 . 
Luoe-Rozan process, IV, 195-1 
Lumen bronze, IV, 266-j 
Luminous arc lamps, n, 549-1 
Lutedum, VI, 563-1 
Lutes and cements, II, 36-4 
Lye-house, railway shop, IV, 224-4 

ASachine building trade, statistics, IV, 

270-2 
Machine castings, cast iron for, n, 280-j 
Machine-cast pig iron, V, 21-3 
Machine design, strength of materials, VI, 

unit ^stem, VI, 374-4 
Machined surfaces, protecting agunst rust, 

n, 219-1 
Machme efficiency, n, 526-5; V, 534-2 
Machine files, designating size, IV, 286-2 
Machine foundations, III, 205-1 

adjustable leveling blocks for planers, m, 
309-2 

bearing capacity of soils and rocks, m, 
209-1 

bolt-head pockets, locatmg, in, 20S-J 

cap-stones, leveling, HI, 208-2 

concrete, III, 205-1 

concrete, constructing, m, 208-2 

concrete, preparing, IH, 205-j 

machine tool, m, 209-2 

pits, preparing, m, 206-2 

reference lines, m, 206-j 

rubber-mat. III, 2x0-2 

templets. III, 206-j 

templets, locating, m, 207-2 
Machine industries, statistics, IV, 270-4 
Machine nut taps, IV, 267-j 
Machine oil, for lapping, IV, 166-4 

ignition temperatiue, IV, 45-4 

specific heat, V, 401-4 
Machine parts, scraping, V, 319-1 
Machinery, depreciation, n, 305-2 

packing for export, IV, 518^5 

painting, IV, 521-4 

purchase of, IV, 316-j 



Machinery, safeguarding, I, 9-4; zo-j 
Machine screws, IV, 268-j; V, 324-4 

heads, IV, 268-2 

tap drills, VI, 300-2; 201-2 

taps, IV, 269-2 

taps, designating size, IV, 286-1 

tlu-eads, VI, 273-r 

threads, old standard, VI, 367-5 

turning in turret buhe, VI, 370-5 
Machine shop buildings, m, 94-4 

cost of concrete, n, 174-1 

fire protection, m, 143-2 

floors, in, 1 57- J 
Machine shop dutches, II, 135-5 
Machine shop statistics, IV, 370-2 
Machine steel, I, 77-1 

balls made from, I, 325-4 

braring stellite to, VI, 74-2 

feed, drilling, V, 440-5 

feed, turning, V, 434-1 

shafts, torsional stiffness, V, sss^ 

speed, milling, V, 438-j 

speed, planing, V, 437-2 

speed, turning, V, 433-2 

strength, VI, 98-5 

wdding, m, i88-r 

wdding, to high-speed sted, VI, 477-4 
Machine taps, IV, 367-j 
Machine tools, IV, 378-2 

application of ball bearings to, I, 319-2 

application of herringbone gears to, m, 

5S3-4 

application of motors to, IV, 445-5 

appraisal, 1, 105-4 

assembling, see "Machine tools, assem- 
bling" 

automatic turning machines, 1, 178-4 

bench lathes, I, 339-4 

boring machines, I, 469-2 

broaching machines, I, 516-5 

chilled wearing suHaces, 11, 100-2 

clamping devices, see "Machine tools, 
clamping or locking devices" 

cutter grinders, 11, 385-2 

cutting-off machines, II, 390-5 

cylinder grinding machines, n, 395-4 

definition, IV, 378-2 

depredation, n, 305-2 

designation of sizes, IV, 384-1 

development, Maudslay's influence on, 
IV. 379-5 

development, Whitworth's influence on, 
IV, 38I-I 

drill grinders, 11, 434-4 

drilling machines, 11, 456-2 

drives, see "Machine tools, drives" 

early American, IV, 381-2 

file<utting machines, m, 11 1-5 

forging machines, m, 187-j 

foundations, concrete mixtures for, m, 

305-4 
gear-cutting machines, m, 331-2 
gears, heat-treated for. III, 376-5 
gears, steel for, m, 377-2 
grinding machines. III, 433-j 
hacksaw machines, m, 493-5 
handles. III, 503-2 
history, IV, 378-5 
horsepower required, IV, 451-5 
inventory, I, 106-2 
key-seating machines, IV, 153-4 
lathes, IV, 169-4 
leveling blocks, m, 309-2 
life of, 1, 105-J 
locking devices, see "Machine tools, 

clamping or locking devices" 
lubrication, IV, 346-1 
milling machines, IV, 390-5 
motor drive, IV, 441-5 
motor-driven, wiring for, VI, 532-2 
narrow guide, IV, 487-1 



Machine tools, packing for export, IV, 5x8-4 

painting, IV, 521-4 

planers, V, 94-4 

power presses, V, 149-5 

punching machines, V, 2x4-5 

purchase of, IV, 3x6-5 

rope drive for, V, 396-4 

safeguards for, V, 30X-J 

flhapers, V, 343-j 

silent chain drive, n, 73-5 

Blotters, V, 38X-5 

speed and feed mechanisms, V, 40S-r 

speeds and feeds, V, 433-r 

thread-milling machines, VI, 358-1 

tool grinders, VI, 396-2 

turret lathes, VI, 350-r 
Machine tools, assembling, I, X28-2 

indexing mechanism, I, 13X-2 

lathe, I, X35-2 

lathe apron, I, X33-5 

planer, I, 138-2 
Machine tools, damping or locking 
devices, n, 133-2 

bolt damping, U, X35-1 

eccentric clamping, II, X37-2 

friction locking, n, X30-4 

positive locking, II, X38-4 

quick-rdeasing, n, x38-4 

set-screw damping, II, X34-4 

split collar clamping, II, 136-4 

spnng plungers, II, X30-5 

wedge damping, n, 137-j 
Machine tools, drives, IV, 370-4 

back-gear diameters, IV, 37X-5 

Berth speed range, IV, 372-2 

chromatic speed range, IV, 272-2 

countershaft speeds, IV, 271-2 

designing, IV, 270-4 

determining speeds, IV, 27X-/ 

feed changes, ratio of, IV, 275-r 

feed mechanism, strength of, IV, 276-J 

geared, IV, 277-2 

gears for, V, 5x4-5 

geometrical progression, table, IV, 373 

pressure on lip surface of tool, IV, 276-2 

rope drive, V, 296-4 

silent chain, II, 73-5 

single pulley, IV, 277-2 

speed changes, number required, IV, 374-r 

speed progression, IV, 373-5 

types, IV, 370-4 
Machine vises, VI, 438-5 

designating size, IV, 386-2 
Machine welding, VI, 473-1 
Machining (see also names of various 
operations) 

aluminum, I, 87-2 

chain sprockets, n, 68-/ 

estimating cost, 11, 330-5 

hard rubber, V, 300-1 

lubricants, see "Machining, lubricants 
for" 

magnalhim, IV, 388-r 

nickd-chromium steel, IV, 493-^ 

soft rubber, V, 399-5 
Machining, Inbricants for, IV, 353-1 

aluminum, IV, 254-2 

application to tool, IV, 355-2 

broaching, IV, 354-5 

deep-hole drilUng, IV, 354-1 

distribution of, IV, 355-4 

drillmg, IV, 353-4 

fluting, IV, 353-4 

grinding, IV, 354-2 

milling, IV, 353-4 

piping systems for, IV, 356-1 

Upping, IV, 354-5 

thread cutting, IV, 353-5 ' 

turning, IV, 253-2 

use of lard oil, IV, 254-4 

use of mineral lard oil, IV, 355-2 



MACHINIST'S CEMENTS — MALLEABLE IRON 



87 



Machinist's cements, n, 37-4 
Machinist's protractor, V, 178-4 
Machinist's squares, V, 520-4 

testing, V, 521-1 

percentage of carbon in, I, 557-J 

speeds for grinding, III, 487-3 
Machinist's vise, VI, 438-4 

quick-acting, VI, 439-2 
Machinist's working hours, VI, 541-r 
Mackenzie metal, IV, 287-1 
Magazine attachments for automatics, I« 

191-5 
rotary, 1, 192-j 

rotary tilting, I, 192-1 

vertical, 1, 192-1 
Magnalamp, IV, 287-1 
Magnalinm, IV, 287-2 

applications, IV, 288-2 

castings, IV, 288-4 

composition, IV, 288-2 

cylinders, IV, 288-j 

forging, IV, 287-4 

heat-treatment, IV, 287-4 

influence of extrusion on, IH, 88-4 

machining, IV, 288-1 

pistons, IV, 289-1 

reclamation of, IV, 289-5 

strength, IV, 287-2 
Magnesia, as flux in blast furnace, I, 379-^ 

brick, m, 138-2 

brick, melting point, m, 138-2 

in boiler feed water, I, 396-4; 400-2 

silicate of (asbestine), II, 214-4 

specific heat, V, 401-j 
Magneiliiin, IV, 289-4 

alloy, I, 74-4 

alloy, duralumin, II, 513-2 

alloy, magnalium, IV, 287-2 

boiling point, I, 449-1 

carbonate, in boiler feed water, I, 39^-4 

chloride, in boiler feed water, I, 397-' 

chloride, melting point, III, 25x-j 

electrically welded, VI, 490-4 

fluoride, bath for heat-treatment, m, 
250-2 

fluoride, melting point. III, 251-4 

in earth's crust, n, 93-1 

melting point, IV, 335-' 

silicate, VI, 180-2 

specific gravity, V, 398-3 

sulphate, in boiler feed water, I, 396-4 

weight per cubic inch, V, 398-3 
Magnet, see ''Magnets" 
Magnetic attraction, law of, II, 529-r 
Magnetic bk>w-out circuit-breakers, II, 1 1 5-2 
Magnetic blow-out lightning arrester, IV, 

208-4 
Magnetic brakes (solenoid), for cranes, II, 

249-J 
Magnetic chucln, IV, 290-1 

action on chips, IV, 300-4 

air g^, IV, 291-1 

bipolar, IV, 291-4 

connection to circuit, IV, 300-4 

demagnetizing milling cutters, IV, 301-/ 

design, IV, 298-4 

designating size, IV, 285-4 

design, principles, IV, 290-2 

for grinding, IH, 465-1 

forms, IV, 291-4 

form-wound coils, IV, 298-3 

four coil, IV, 292-4 

lathe, heavy service, IV, 294-4 

lathe, rotary, IV, 293-3 

lathe, types. IV, 295-3 

materials, IV, 291-3 

milling, IV, 293-1; 298-1 

multipolar, IV, 298-J 

planer, IV, 293- J ; 298-1; V, X17-3 

rotary, IV, 293-3 

rotary, types, IV, 295-3 



Magnetic chucks, rotary, winding, IV, 294-2 
wire for given voltage, IV, 399-4 
wire, weight of, IV, 399-2 

Magnetic dutches, II, 144-/ 
for planer, V, 107-2 

Magnetic degree, V, 530-4 

Magnetic.device for determining hardening 
temperature, n, 340-3 

Magnetic effectt measuring current by, m, 

15-3 
measuring voltage by, ni, 20-2 
Magnetic field, II, 528-j; 529-1 
intensity of, 11, 529-4 
intensity, symbol, V, 539-3 
strength, imit of, m, 319-2 
weak, in generators and motors, m, a-i; 

5-3 
Magnetic flux, n, 528-3 

density, symbol, V, 529-3 

symbol, V, 529-3 

unit of, IV, 327-r 
Magnetic holder for lamp, IV, 287-1 
Magnetic induction, IV, 57-3 
Magnetic needle, II, 528-3 
Magnetic ofl filter, IV, 504-2 
Magnetic oxide, IV, 84-4 
Magnetic permeability, V, 8-2 
Magnetic pole, unit, II, 528-4 
Magnetic reluctivity, V, 8-2 
Magnetic separation of iron ore, IV, 86-3 
Magnetic substances, n, 308-2 
Magnetic switch, Shepardson's, 11, 186-3 
Magnetic variable-speed mechanism, VI» 

426-2 
Magnetisiii, n, 528-2 

diamagnetism, II, 308-2 

dectiomagnetism, laws, of, 11, 539-4 

electromagnets, II, 529-2 

electromagnets, units of measurement, 
n, 529-3 

flux, n, 528-3 

hysteresis, n, 530-3 

magnetic attraction, law of, n, 539-r 

magnetic fields, n, 529-1 

magnetic needle, n, 528-3 

magnetic poles, 11, 528-3 

magnetic pole, unit, II, 528-4 

magnetization curves, 11, 530-2 

magnetons, II, 528-2 

magnets, II, 528-2 

magnets, horseshoe, n, 529-2 

residual, 11, 530-3 

residual, reversed, in generators, m, 3-4 

residual, weak, in generators. III, 4-1 

unit pole, VI, 374-4 
Magnetite, 11, 528-2; IV, 84-4 
Magnetization curves, 11, 530-2 
Magnetization, intensity, symbol, V, 529-3 
Magnetizmg force, II, 529-4 
Magnetizing magnets, IV, 305-1 
Magneto, IV, 301-2 

compared with batteries, IV, 301-3 

definition, 11, 532-3 

direct-current, IV, 302-3 

dbtributor, IV, 302-4 

for rechargmg magnets, IV, 305-4 

high-tension, IV, 303-j 

bw-tension, IV, 303-1 

principle, IV, 301-4 

voltage regulators, V, 533-2 
Magneto-generator, IV, 301-2 
Magnetomotive force, 11, 529-3 

symbol, V, 529-3 

unit of, in, 4x8-4 
Magnetons, II, 528-2 
Magnet-operated controller, 11, 189-4 
Magnets, n, 528-2 

definition, IV, 289-4 

electro-, II, 529-2 

fiekl, D. C. motor, IV, 474-3 

for solenoid brakes, I, 489-/ 



Magnets, horseshoe, II, 539-2 

impregnation of, IV, 308-r 

in pyrometer milliyoltmeter, V, 331-4 

lifting, see "Magnets, lifting" 

pennanent, see ''Magnets, permanent" 

steel, VI, 63-j 

winding for solenoid brakes, I, 489-1 
Magnets, lifting, IV, 303-4 

bipolar, IV, 305-j 

circular, IV, 304-3 

current consumption, IV, 306-2 

design, IV, 307-2 

historic note, IV, 304-r 

impregnatbn, IV, 308-r 

lifting capacity, IV, 305-3 

jMg, IV, 204-3 

plate, IV, 205-1 

rail, IV, 205-1 
Magnets, permanent, IV, 303-4 

ageing, IV, 305-^ 

definitbn, n, 528-2 

electric measuring instrument, III, x6-2 

forging, IV, 304-3 

grinding, IV, 305-j 

hardening, IV, 304-4 

magnetizing, IV, 305-r 

plate type, IV, 305-3 

recharging, IV, 305-3 

steel for, IV, 303-4 

steel, testing, IV, 304-1 

voltmeters, ni, 20-2 
Magnolia metal, IV, 306-j 
Mahler's catorimeter, I, 530-1 
Mahogany, as electrical insulation, IV, 63-4 

for patterns, IV, 536-2 

specific gravity, V, 399-1 

weight per cubic foot, V, 399-r 
Main field, D. C. motor, IV, 474-3 
Main-haulage mine locomotives, IV, 439-/ 
Main-rod, locomotive, IV, 235-2 
Major axis of ellipse, IV, 340-3 
Make-and-break ignition, m, 290-j; IV, 
302-4 

troubles, HI, 303-1 
Malleable castings (see also "Malleable 
iron"), IV, 306-1 

advantages, IV, 309-4 

annfaling, IV, 308-r 

annealing furnace, IV, 308-2 

annealing pots, IV, 308-2 

compared with steel castings, IV, 310-1 

composition, IV, 306-3 

defects, IV, 309-1 

definition, IV, 81-4 

earliest production, IV, 306-2 

elastic limit, IV, 310-3 

furnaces, firebrick for, m, 139-2 

in machine construction, VI, 100-2 

lubricant for drilling, IV, 254-j 

manganese in, IV, 309-3 

melting furnaces, IV, 307-2 

microscopic examination, IV, 309-4 

oxy-acetylene wekiing, VI, 478-4 

pipe fittings, IV, 309-J 

Rdaumur's experiments, IV, 306-2 

shrinkage, IV, 306-4 

shrinkage allowance, IV, 540-2 

shrinkage strains, IV, 307-1 

specifications, 1, 436-4; IV, 306-3 

steely, IV, 309-2 

strength, IV, 308-4 

sulphur in, IV, 309-3 

test bars, IV, 309-4 

tests on, IV, 309-4 

wheels for snagging, V, 386-1 
Malleable copper, 11, 204-3 
Malleable furnaces, firebrick for, m, 139-2 
Malleable iron (see also "Malleable cast- 
ings"), IV, 306-1 

definition, IV, 81-4 

fittings, V, 40-3 
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Malleable iron, pig iron, IV, 82-2; V, 21-4 

unions, pipe, V, 41-1 
Malleable pig iron, IV, 82-2; V, 21-4 
Mallets, designating size, IV, 286-j 

molders, IV, 412-2 
Maltha, for rust prevention, I(^ 218-1 
Management, IV, 310-j 

check systems for tool-rooms, II, 91-4 

conventional, IV, 310-4 

functions, IV, 3"-^ 

production ^sterns, V, 165-2 

purchasing machinery, IV, S16-3 

scientific, IV, 31 2-1 

scientific, bonus system, I, 456-5 

scientific, collecting data, IV, $14-2 

scientific, differential wage system, VI« 
441-4 

scientific, essentials, IV, $12-4 

scientific, history, IV, 312-3 

scientific, objections to, IV, 315-' 

stock-keeping, VI, 74-3 

systematized, IV, 311-3 

Taytor system, IV, 312-5 

time study, VI, 287-4 

tools and supplies, ordering, IV, 317-^ 

types, IV, 310-4 

types, methods under different, IV, 313-2 

unsystematized, IV, $10-4 
Mandrel presses, I, iio-i 

designating size, IV, 286-j 
Mandrels, I, iio-j 

babbitting, I, 201-5; 202-4 

babbitting, coatings for, I, 199-4 

babbitting, half-bearings, I, 202-4 

babbitting, preheating, I, 200-4 

babbitting, ring-oiling bearing, I, 201-4 

blacksmith's, IV, 317-4 

blacksmith's cone, I, 375-5 

blacksmith's, designating size, IV, 286-5 

centers for, I, 1x0-4; m-i 

centers for, lapping, 1, 122-5 

centers for, reaming, 1, 122-2 

cone, 1, 1 1 1-5 

cutter, 1, 123-2 

definition, IV, 317-4 

designating size, IV, 286-5 

expanding, I, xio-4 

for drawing brass tubes, I, 499-' 

for supporting thin work, 1, 11 2-4 

for threaded parts, I, X18-5 

for two operations, I, 11 7-5 

holding work on, for grinding, m, 463-1 

making accurate, I, 12 2-1 

milling machine, I, 123-2 

milling machine, with outboard support, 

1. 123-4 
nut, 1, 117-5 

percentage of carbon in, I, SS7'4 
piston-ring, I, 116-4 
piston turning, I, 113-1 
plain lathe, I, 110-5 
presses for, I, i xo-r 
pulley turning, I, 113-2 
roller, I, 12X-5 
saw, I, 123-2 

seasoning, I, 1x0-4; 123-1 
steel for, II, 274-2; VI, 301-2 
threaded, for large work, I, 119-4 
turret lathe, I, 113-2 
vertical boring mill, 1, 115-5 
vertical threaded, 1, 120-5 
Manganese, IV, 318-1 
alloys, see "Manganese altoys" and 

" Manganese-bronze ' ' 
boiling point, I, 449-1 
brass, IV, 3x9-1 

bronze, see "Manganese-bronze" 
chbride of, used in aluixiinum bronze, I, 

74-1 
effect on alloys, IV, 318-5 
effect on cast iron, II, 33-1 



Manganese, effect on steel, IV, 492-j 

impurity in copper refining, III, 34-2 

in cast iron, 11, 33-5 

in high-speed steel, IV, 4-4 

in malleable castmgs, IV, 306-5; 309-5 

in manganese-bronze, IV, 319-2; 320-j 

in manganese steel, IV, 320-4 

in nickel-chromium steel, IV, 492-x 

in pig iron, V, 22-2 

in pipe and tubes, table, VI, 338-5 

in screw stock, V, 329-1 

in steel for casehaidening, 11, 3-4 

in thermit steel, VI, 503-5 

in tool steel, VI, 301-1 

melting point, IV, 335' 

removing in dectric furnace, HI, 246-1 

specific gravity, V, 398-5 

steel, see "Manganese sted" 

Wright per cubic inch, V, 398-5 
Manganese alloys, IV, 3x8-2 

brass, IV, 319-1 

bronze, see "Manganese-bronze" 

ferromanganese, m, 109-5 

manganin, IV, 325-j 

spiegdeisen, V, 453-/ 

sted, see "Manganese sted" 

therlo, VI, 232-5 
Manganese-bronze, I, 67-5; 70-5; IV, 

318-4 

castings, IV, 319-5 

for brass foundry, I, 494-5 

forgings, cost of, IV, 319-4 

for steam turbine blades, VI, 58-5 

for welding copper alloys, VI, 479-1 

mdting, IV, 319-5 

silver-bronze, IV, 320-2 

strength, VI, 97-J 

wrought, IV, 319-4 
Manganese-silicon steel, I, 82-1 
Manganese steel, IV, 320-5 

annealing, IV, 322-5 

castings, IV, 322-1 

composition, IV, 320-5 

cutting threads in, m, 216-4 

Damascus, II, 303-5 

definition, VI, 63-1 

dectrical resistance, IV, 324-4 

forging, IV, 323-4 

for magnets, IV, 303-4 

general properties, IV, 320-4 

Hadfidd's, m, 496-1 

hardness, IV, 32X-J 

heat-treated, properties of, IV, 322-4 

heat-treatment, IV, 322-2 

hot-worked, IV, 323-5 

improved process for making, IV, 324-4 

ladles for, IV, 321-4 

loman, IV, 320-4 

manufacture, IV, 32X-2 

mdting temperature, IV, 322-/ 

non-magnetic qualities, IV, 324-j 

quenching, IV, 322-5 

rails, IV, 324-j 

resistance to abrasion, IV, 324-5 

rolling, IV, 323-4 

sderoscope test, IV, 32X-2 

shrinkage allowance, IV, 323-5 

silicon, I, 82-1 

spark picture, IV, 83-2 

strength, IV, 323-2 

use, first conmierdal, IV, 324-j 

uses for, IV, 323-4 

wearing qualities, IV, 321-/ 
Manganin, IV, 325-j 
Manh^ process, II, 205-4 
Manhole, boilers, I, 429-4; 445-1 
Manhole switches, VI, X74-2 
Manifold pipe fittixig, V, 45-r 
Manila paper, 11, 421-2 
Manila paper gears, V, 5x3-4 
Manila rope, IV, 325-2 



Manila rope, hoisting, n, 56-4 
in power transmission, V, 294-5 
safe load, II, 60-2 
Maimeamann process, I, 498^; VI, 333-5 
Mannhdm gold, IV, 326-1 
Manograph, IV, 326-j 
Manometer, IV, 326-2 
Mantissa of logarithms, IV, 241-j 
Mantles, gas, ceriiun used for, n, 44-1 
Manufacturers' specifications for structural 

sted, VI, iii-j 
Manufacturers' staxxlard drill gage, II, 469- 1 
Manufacturing in quantities, V, 169-4 
Manufacturing plant appraisal, I, 104-2 
Manufacturing schedules, V, 167-2 
Manufacturing-type milling machine, IV, 

395-^ 
Manuscript for technical artides, I, 126-4 
Manville swaging machine, VI, 134-5 
Maple, as dectrical insulation, IV, 62-4 

as fud, in, 2x9-2 

band saw speed for, I, 243-4 

dowels for patterns, IV, 538-/ 

for flywheels, in, 162-4 

for patterns, IV, 536-2 

for qniming chucks, V, 455-/ 

shafts, torsbnal stiffness, V, 333-4 

spedfic gravity, V, 399-1 

weight of cord, V, 40X-J 

weight per cubic foot, V, 399-1 
Marble, IV, 326-5 

drilling, II, 442-4 

dectrical insulation, IV, 63-2 

for svritchboards, VI, X42-2 

grinding, wheds for, II, 274-a 

heat expansion. III, 54 x -4 

specific gravity, V, 400-j 

specific heat, V, 401-5 

turning, IV, 326-5 

weight per cubic foot, V, 400-1 
Marbldzed slate, VI, 142-1 
Marine boiler, I, 417-2 
Marine-finished slate, VI, 142-1 
Marine glue, IV, 326-5 
Mariotte's law. III, 307-r 
"Marked ratio," transformer, V, 533-1 
Marking marhine., V, 524-4 

designating size, IV, 285-5 
Marking materials for scraping, V, 319-2 
Marking-out tables, designating size, IV, 

286-4 
Marking packing cases for export, IV, 520-4 
Marking patented articles, IV, 529-4 
Marking patterns, IV, 551-5 
Marking taps, VI, 219-5 
Marlin spike, V, 290-1 
Marsh gas, in producer gas, HI, 315-5 

spedfic gravity, V, 399-2 
Marsh pump valve mechanism, V, 187-/ 
Martensite, IV, 326-4 

in casehardening, II, 7-5 

in metallography, IV, 352-1 
Martensitic manganese steely IV, 320-4 
Martin-Siemens sted, VI, 63-j 
Masonry, brick, spedfic heat, V, 401-4 

heat expansion, IH, 54X-4 

perch of, VI, 464-1 

stone, spcd&c gravity, V, 400-J 

stone, weight per cubic foot, V, 400-1 
Mass, IV, 333-2 

symbol, V, 529-4 
Massachusetts, iron and sted industries, IV, 
84-2 

xnachine industry, IV, 270-5 
Mast, calculation of jib crane, n, 236-2 
Master cams, grinding, I, 550-4 

mAiui^f If 553-' 
Master gages, lapping, IV, 162-2 

U. S. thread tool, VI, 28X-2 
Master plate, IV, 326-4 

locating method, IV, 2x7-2 
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Master plate, surface, VI, 138-4 

Master scale for graduating machines, m, 

422-3 
Master tap for lap, IV, 165-2 
Master tool, for gear hob, IV, i8-j 
method of making forming tools. III, 

Match boards, patterns on, IV, 549-a 
Match plates, IV, 421-4 
Materials, following up, V, 168-2 

for flywheeb, m, 162-4 

for gears, V, 511-3 

for springs, V, 499-4 

for wonn gearing, VI, 552-j 

indicating on drawings, IE, 437-4 

lists of, V, z66-j 

ordering, V, 167-4 

strength of, aee " Materials, strength of" 

testing, see '* Materials, testing" 
Materials, ttrangth of, VI, 95-1 

allo3rs, copper, VI, 99-1 

aOoy steds, VI, 99-7 

bending and oompreasbn combined, VI, 

104-4 
bending and tension combmed, VI, 104-4 
bending and torsion combined, VI, 106-2 
bending moments, VI, 104-2 
bending stresses, VI, 103-2 
brass, VI, 99-j 
bronze, VI, 99-4 
compression, VI, loi-i 
definitions, VI, 95-4 
elasticity, VI, 96-1 
elastic limit, VI. 96-2 
elongation, VI, 96-3 
factor of safety, m, 92-j; VI, 97-4 
flat plates. III, 154-1 
forces acting on machine member, VI, 

95-4 
formulas, summary, VI, 107-1 
influence of temperature, VI, 98-4 
main factors in machine design, VI, 95-2 
materiab for machine construction, VI, 

99-4 
modulus of elasticity, VI, 96-2 
reaction at supports, VI, 104-j 
reduction of area, VI, 96-4 
shape of machine parts, VI, 102-j 
shear, VI, xoi-4 

shearing stresses in beams, VI, 103-4 
steel, strength of di£Ferent kinds, VI, 98-j 
stresses due to temperature, VI, 102-2 
stresses in beams, VI, 103-3 
stresses in castings, VI, 102-4 
stresses, theory of compound, VI» 107-3 
table, VI, 97-^ 
tensVmal stresses, VI, 100-3 
testmg (see also "Materials, testing"), 

VI, 224-j 
Tobin bronze, VI, 99-3 
torsional stresses, VI, 105-2 
ultimate, VI, 97-1 
Materials, testing, VI, 224-j 
classification of tests, VI, 224-2 
cokl-bend test, VI, 230-2 
compression tests, VI, 228-2 
compressometer, VI, 228-3 
deflection tests, VI, 229-1 
deflectometer, VI, 229-1 
eztensometer, VI, 227-4 
hardness test, VI, 230-4 
pro pe rti es of materials, VT, 335-2 
repeated stress test, VI, 231-3 
screw-gear testing machine, VI, 226-2 
shearing test, VI, 229-2 
tensile testing machines, VI, 226-1 
tensQe test, making, VI, 227-j 
tensile tests, VI, 235-3 
testing accessories, VI, 228-2 
testing machine, modem, VI, 332-1 
test values, calculation, VI, 227-2 
219 



Materials, testing, thermo-electric method, 
VI, 232-2 

torsbnal test, VI, 229-2 

torsion meter, VI, 230-1 

transveise tests, VI, 228-4 
Mathematical instrument thread, Whit- 
worth, VI, 275-1 
Mathematical signs, V, 365-3 
Mathematical symbob, VI, 178-3 
Mathematics, algebra, I, 60-3 

analytical geometry, I, 91-4 

arithmetical progressbn, I, 124-4 

equations, III, 67-3 

factors, in, 94-2 

formulas, m, 20X-4 

geometrical progression, m, 406-4 

geometry, IV, 407-2 

signs, V, 365-3 

symbols, VI, 178-3 
Mather-Reynokls pump, V, 204-j 
Matheson pipe jomt, V, 50-z 
Matte, copper, n, 205-1 

bessemerizing of, II, 205-4 
"Matted" backgrounds in embossing, m, 

176-4 
Matter, in chemistry, II, 92-4 

forms of, II, 93-2 
Matt finish on medal dies, II, 358-4 
Maudslay screw-cutting lathe, IV, 279-3 
Maudslay slide-rest, IV, 279-2 
Max Ams dutch, II, 139-3 
Maximum shear theoiy, VI, iio-r 
Maximum strain theory, VI, 109-3 
Maximum stress theory, VI, iio-i 
Maxwell, n, 529-3; IV, 327-1 
Mazda lamp, n, 545-2 
McQuay-Norris piston ring, V, 91-1 
Mean effective pressure, VI, 4-2 

different engines, VI, 36-3 

factors for finding, VI, 5-3 

from indicator card, VI, 31-3 
Mean ordinate, engine diagrams, VI, s-3 
Mean proportional, V, 177-4 
Means m proportion, V, 177-4 
Measurements, absolute system of, I, 6-x 
Measures and weights, VI, 463-2 

apothecaries' fluid, VI, 464-3 

apothecaries' weight, VI, 464-3 

avoirdupois, VI, 464-3 

capacity standards, histoiy, VI, 466-4 

commercial, VI, 464-3 

cubic, VI, 464-1 

dry, VI, 464-2 

electric wires, VI, 464-J 

history of standard, VI, 466-j 

Intematbnal Bureau of, V, 541-4; VI, 
468-1 

length, VI, 463-4 

length, standards of, V, 539-4 

liquid, VI, 464-2 

liquid, old, VI, 464-2 

metric, VI, 465-1 

metric, adoption in U. S., VI, 467-3 

metric and English conversion, VI, 

465-3 
metric, application, IV, 356-4 
miscellaneous, VI, 465-/ 
miscellaneous factors, VI, 464-4 
nautical, VI, 463-4 

predann measure of capadty, VI, 463-3 
predsion weighing, VI, 463-3 
pressure, VI, 464-4 
shipping, VI, 464-j 
square, VI, 464-1 
surveyor's, VI, 463-4 
tables of, VI, 463-4 
Troy. VI, 464-3 

weight, first standard in U. S., VI, 466-3 
Measuring angles, I, 96-1 
in radians, IV, 337-2 
protractor, V, 178^4 



Measuring areas by planimeter, V, X09-4 
Measiuing dovetail slides, n, 396-z 
Measuring forming tools, micrometer for, 

m, 199-2 
Measuring gears, device for, m, 381-2 
Measuring heat, pyrometers, V, 217-2 
Measuring inside diameters by calipers, I, 

528-3 
Measuring instmments, IV, 358-3; VI, 

437-1 

calipers, I, 527-2 

early precision, IV, 363-2" 

dectric, see "Measuring instruments, 
electric" 

heat, in general use, V, 219-1 

micrometers, IV, 358-3 

minimeter, IV, 409-4 

vernier caliper, VI, 437-r 
Measuring instruments, electric, m, 
i3-i 

ammeters, III, 15-2 

ampere-hour meters, HI, 23-4 

dassification, m, 13-2 

demand indicators. III, 26-2 

dynamometers. III, 17-2 

frequency meters, HI, 22-3 

galvanometers. III, 15-4 

galvanoscopes, III, 15-4 

ohmmeter. III, 25-3 

oscillographs, III, 26-2; IV, 508-4 

potentiometer, lU, 25-4; V, 128-4 

power-factor meters, III, 22-2 

P3rrometers, V, 221-3 

recording, ni, 23-1 

required for dectroplating, ID, 42-2 

^mchroscopes, m, 25-1 

tachometer, III, 26-j 

volt boxes. III, 26-1 

voltmeters. III, 19-3 

watt-hour meters, m, 24-1 

wattmeters. III, 21-3 
Measuring keywaya, IV, 148-2 
Measuring machines, IV, 327-1 

beds, seasoning, V, 330-3 
Measuring pressures, comparison of different 

methods, V, 164-3 
Measuring tapers, I, 97-j 
Measuring threads, VI, 249-2 

three-wire system, VI, 251-/ 
Measuring velodty of fluids, Pitot tube. 

V, 91-i 
Mechanical artides, writing, I, 126-4 
Mechanical brakes, I, 480-1; 484-2 

for cranes, n, 251-2 
Mechanical degree, V, 530-4 
Mechanical draft for boilers, I, 412-4 

air pressures for, I, 384-2 

fans for, m, 107-2 
Mechanical drawing, n, 422-3 

devdopment of surfaces, V, 356-4 
Mechanical education, modem ideas, VI, 

305-1 
Mechanical effidency, pumps, V, 197-1 

steam engines, VI, 28-2 
Mechanical equivalent of heat, m, 541-2 
Mechanical mixture, definition, II, 95-3 
Mechanical powers, IV, 331-1 

inclined plane, IV, 46-3 

lever, IV, 201-2 

pulley block, I, 382-2 

screw, V, 323-4 

whed and axle, VI, 503-4 
Mechanical soot blower, V, 134-4 
Mechanical stdLcrs, VI, 77-2 

capadty, V, 135-2 

cham-grate, VI, 78-4; 79-z 

in power plants, V, 135-2 

over-feed, VI, 77-3 

types, VI, 77-^ 

under-feed, VI, 77-4; 78-3 
Mechanical wock, symbol, V, 529-4 
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Mediaiiics, IV, 329-3 

acceleration, IV, 333-' 

adhesion, IV, 333-1 

center of gravity, III, 429-1 

centrifugal force, II, 43-j 

energy, III. 57-3 

falling bodies, IQ, lox-i 

friction, in, 214-2; IV, 331-4 

forces, ni, 173-1 

gravity, HI, 429-'; IV, 331-* 

indin«l plane, IV, 46-3 

inertia, IV, 333-4 

mass, IV, 333-^ 

mechanical powers, IV, 33 1-' 

moments, IV, 330-2 

momentum, IV, 334-' 

motion, IV, 332-4; 432-' 

Newton's laws of motion, IV, 333-4 

osdllation, center of, IV, 334-J 

oscillation, radius of, IV, 334- J 

pendulum, V, 2-2 

percussion, center of, IV, 334-J 

power, IV, 330-' 

screw, V, 323-4 

toggle joint, VI, 292-4 

velocity, IV, 333-' 

wheel and axle, VI, 503-4 

work, IV, 329-i 
Medal dies, II, 357-3 

Medium-pressure welding torch, VI, 473-J 
Megger ohmmeter, III, 25-j 
Megohmit, IV, 357-4 
Mellen rod-casting machine, V, 272-4 
Melted salts, calibrating pyrometer by, V, 

2 2 5- J 
Melting furnaces, m, 224-j 

alimiinum. III, 225-x 

babbitt. III, 224-j 

brass. III, 225-7; 226-4 

brass, electric, in, 255-j 

copper. III, 225-1 

crudble type, HI, 225-1 

die-casting alloys. III, 224-3 

German silver, III, 225-j 

lead, m, 224-5 

malleable castings, IV, 307--^ 

metal pot tjrpe. III, 224-j 

reverberatory, HE, 226-2 

solder, HE, 224-5 

steel, electric. III, 24S-7 

surface combustion, VI, 126-4 

tilting, ni, 226-1 

tin, ni, 224-5 

typemetal, in, 224-5 

zinc, ni, 224-5 
Melting monel metal, IV, 430-2 
Melting points, IV, 335-' 

of alloys of low fusing point, IV, 336-' 

of common salt, V, 225-1 

of copper alloys, n, 207-2 

of copper, calibrating pyrometer by, V, 

224-4 
of copper-zinc alloys, I, 503-5 
of firebrick, ni, 138-2 
of fusible alloys, V, 388-1 
of lead-tin alloys, V, 387-5 
of manganese steel, IV, 322-j 
of metals, IV, 334-4 

of salts used for heat-treatment, m, 251-5 
of Seger cones, V, 218-5 
Melting pots for die-casting machines, II, 

316-5 

electrically heated, II, 3x8-4 
Melting pots for lead baths, m, 513-5 
Melting soft solder, V, 387-' 
Mensuntion, IV, 336-2 

angles, IV, 336-4 

barrel, IV, 345-4 

drdc, IV, 339-i 

cone. IV. 343-3 

cube, IV, 34X-5 



Mensuration, cydoid, IV, 341-2 

cylinder, IV, 342-4 

eUipse, IV, 340-5 

ellipsoid, IV. 344-4 

fillet, rV, 340-2 

Guldinus rule, IV, 345-4 

hyperbola. IV, 340-4 

lines, IV, 336-2 

Pappus rule, IV, 345-4 

parabola, IV, 341-j 

paraboloid, IV, 345-2 

parallelogram, IV, 338-5 

polygons, IV, 339-1 

prism, IV, 341-4 

prismoidal formula, IV, 342-5 

pyramid, IV, 342-1 

radians, IV, 337-2 

rectangle, IV, 338-2 

spandrd, IV, 340-2 

sphere, IV, 343-4 

square, IV, 338-2 

surfaces, IV, 336-5 

surfaces of irregular outline. IV, 341-5 

torus, IV, 345-5 

trapeziiun, IV, 338-4 

trapezoid, IV, 338-4 

triangles, IV, 337-J 

wedge, IV, 342-5 
Merchant-bar mill, V, 283-1 
Merchant iron, VI, 555-2 
Merchant pipe, V, 24-5 
Mercuric dilocide, life of wood treated by, 

VI, 318-5 
Mercuric oxide, IV, 347-1 
Mercury, IV, 346-4 

agometer, I, 27-5 

alloys. I, 91-2 

arc rectifiers. V, 248-1 

arc rectifiers, for lighting drcuits. II, 

552-5 

boiling point, I, 448-4 

ooeffident of heat transmission, ni, 542-1 

fulminate, IV, 347-2 

inch of, equivalents, V, 164-5; VI, 464-4 

mdting pomt, IV, 335-2 

ore, cinnabar, n, 115-j 

red sulphide of, n, 115-r 

spedfic gravity, V, 398-5 

spedfic heat, V, 401-4 

vapor arc lamp,' II, 550-4 

vapor lamp, IV, 347-2 

vapor lamp, when invented, n, 544-5 

vapor, spedfic gravity, V, 399-2 

weight per cubic inch, V, 398-5 
Mercury-motor watt-hour meters. III, 24-5 
Mergenthaler linot3ri)e machine, origin, n, 

3x5-' 

Messenger strand, IV, 348-1 

Messenger wire, IV, 348-r 

Mesure p3Tometer, V, 218-r 

Metacenter, IV, 348-2 

Metacentric height, IV, 348-2 

Mettl, n, 97-1 
abrasives for sand-blast, V, 309-1 
boxes for machine parts, VI, 76-2 
chips, briquetting, I, 505-4 
chips, spontaneous combustion, V, 480-5 
deaning by dectrolytic bath, m, 27-4 
coatings for protecting iron and steel, II, 

213-4 
coeffidents of heat transmission, III, 

542-' 
coloring (see also "Metal coloring"), II, 

i6o-r 
commerdal, mdting points, IV, 335-5 
cores, n, 208-2 

corrosion due to dectrolysis, m, 28-5 
cutting with friction disks. III, 216-2 
cutting with gas flame, VI, 481-2 
Ddta, II, 304-4 
dowel-plates, IV. 538-2 



Metal, doweb for patterns, IV, 538-2 

ductility, n, 513-2 

dectrically-welded, table of, VI. 492-7 

dectrolytic refining, see "Metal, dectro- 
lytic refining" 

etching, in, 70-4 

extrusion of, in, 77-5; 89-2 

for die casting, n, 338-4 

for superheated steam, VI, 125-2 

gages, sheet, V, 356-1 

hardness, in, 538-1 

heat expansion, m, 541-5 

heat expansion, tested by Bureau of 
Standards, V, 544-2 

influence of extrusion on properties, m, 

88-4 
influence of temperature on strength, VI, 

98-5 
Jacoby, IV, 94-2 
Karmarsch, IV, 144-J 
linotjrpe, IV, 211-2 
magnolia, IV, 306-1 
melting points, IV. 334-4 
microscopic study, IV, 348-5 
microstructure, fv, 348-5 
molds, n, 21-2 

molds, for zinc alloy castings, VI, 567-4 
monel, IV, 429-4 
monotype, IV, 211-2 
Muntz, IV, 485-2 

nonferrous, etching reagents, IV, 353-5 
patterns, IV. 550-1 
power required for removing, IV, 408-4; 

447-4 
slitting cutters. IV, 368-2; 381-5 
spedfic gravity, V, 398-5 
spinning, see "Metal spinning" 
spraying process, Schoop, V, 316-2 
stacks, furnace, m, 238-4 
stereotype, IV, 21 1-2 
sterro, VI, 74-5 
strength, table, VI, 97-j 
surfaces, finish of. III, 134-1 
tapes, VI, 133-5 
tapes, standardization, V, 543-4 
tapes used in gear-tooth grinding, m, 

385-' 

washed, IV, 356-4 

weight per cubic inch and foot, V, 398-5 
Metal coloring, n. 160-j 

aluminum, n, 168-2 

brass, n, 164-2 

copper, II, 164-r 

electroplating for colors, n. 168-5 

"heat-black" finish, n, 167-r 

iron and sted, II, 160-2 

mottling, n, 162-5; 168-J 

nonferrous metals, n. 163-5 

oxidizing, n, 167-4 

silvering, n, 165-2 
Metal-cutting band saws, II, 294-2 

designating size, IV, 284-4 
Metal cutting, gas flame, VI, 481-2 

hydrogen for, VI, 475-2 

oxygraph, IV, 513-2 

imder water, VI, 482-5 
Metal-cutting saw manufacture, V, 31 2-1 
Metal, electrolytic refining, in, 33-2 

copper, in, 33-3 

gold, ni, 39-4 

iron, in, 40-4 

lead, m, 40-5 

silver, m, 38-5 
Metaline. IV, 348-2 
Metallic arc for welding, VI, 498-5 
Metallic brown. Prince's, II, 215-4 
Metallic electrodes for arc wdding, VI, 

500-j 
Metallic packing, IV, 238-5 
Metallic tapes, VI, 133-5 
Metallized-filament lamp, n, 545-5 
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Metanogrtphy, IV, 348- J 
dioys, etching reagents. IV, 353-5 
dectiolytic etching, IV, 356-1 
etched surface, appearance, IV, 349- j 
etching, IV, 349-^ 
heat-tinting, IV, 356-^ 
in caaehardening, II, 7-4 
iron and steel, etching reagents, IV, 355-^ 
micrometallograph, IV, 349-4 
midosoopic study of heat-treated steel, 

IV, 351-4 
microscopic study of steel, IV, 350-^ 
nonferrous metals, etching reagents, IV, 

353-J 
polish attack, IV, 356-a 
polishing machine, IV, 348-4 
preparing specimen for ezamination, IV, 

348-4 
principles, n, 7-1 
steel, etcUng reagents, IV, 355-2 
steel, preparing for microscopic study, IV, 

352-4 
washing after etching, IV, 349-j 

Metalloid, II, 97-1 
MetaUiirgy, IV, 356-4 

assaying, I, 128-2 

elec^o-, m, 41-J 

of aluminum, I, 85-a 

of copper, n, 204-5 

or iron and sted, graphical illustration, 
IV, 81-4 

X-ray photographs in, VI, 562-j 
Metal spiimliig, V, 453-2 

annfuling, V, 459-2 

arbors, V, 456-2 

brass for, V, 460-5 

chucks, V, 454-4 

chucks, sectional, V, 455-1 

chucks, use of, V, 456-2 

comparison of spinning and drawing in 
dies, V, 453-:5 

foUowers, V, 456-4 

forms, V, 454-4 

gold, V, 460-4 

lathe, V, 453-4 

lubricants, V, 460-2 

metals for, V, 460-2 

picklmg, V, 459-^ 

pickling bath, V, 460-2 

plugs, V, 456-j 

procedure, V, 458-2 

reflectors, V, 458-2 

silver, V, 460-4 

speeds, V, 453-4 

tools, V. 457-^ 

tools, beading, V, 458-j 

tools, materials for, V, 457-4 
Meter, VI, 465-1 

committee, VI, 467-5 

cubic, in English units, VI, 465-5 

early history, V, 540-2 

equivalent in inches, IV, 357-1 

in English lengths, VI, 465-5 

relation to yard, V, 542-1 

standard in U. S., V, 542-1 
Meters, V, 533-^ 

ampere, III, 15-2 

ampere-hour. III, 23-4; VI, 147-r 

demand, V, 533-5 

electric. III, 23-5 

electric, life of, n, 305-5 

electric, standardization rules, V, 533-2 

frequency, m, 22-5 

ohm or resistance. III, 25-5 

power-factor, m, 22-2 

reactive-factor. III, 22-2 

reactivity, m, 22-2 

steam flow, V, 135-1 

torsion, VI, 230-1 

Venturi, VI, 436-4 

volt, m, 19-5 



Meters, watt, m, 21-5 

watt-hour, m, 24-x; VI, 149-1 

watt-hour, housing, VI, 120-j 
Methyl alcohol, latent heat, IV, 169-1 
Metol, developer, V, 17-1 
Metol-hydrochinon, developer, V, 17-4 
Metric system, IV, 356-4 

adoption in U. S., VI, 467-5 

api^cation in machine industries, IV, 

357-1 

conversion table, VI, 465-5 

drawings, scales of, IV, 357-2 

early history, V, 540-2 

gear teeth, module, IV, 410-5 

gear teeth, module and diametral pitch 
compared, V, 507-2 

gear teeth, tooth parts, V, 507-1 

horsep o wer, IV, 154-5 

legalized in U. S., V, 541-5 

micrometers, IV, 357-5 

screw-cutting constant, VI, 248-1 

surveying chain, VI, 133-2 

tables of, VI, 465-1 

taper shanks, IV, 357-5 

tapes, temperature for testing, V, 543-1 

threads, VI, 275-3 

threads, change-gears, VI, 247-4 

threads, translating gears, VI, 248-2 

threads, Waltham watch, VI, 274-5 

ton, VI, 465-2 

ton in Enislish units, VI, 465-4 

tools made to, IV, 357-^ 

vernier caliper, VE, 438-2 

wire gage, VI, 507-2; 510-2 
Mexican polishing wheels, V, 124-5 
Mexico, life and cost of patents, IV, 530-4 
Meyer valve, VI, ii-i 

setting, VI, 393-4 
Mica. IV, 357-4 

for lifting magnets, IV, 208-1 

insulating, IV, 61-5; 62-4 

insulating value, IV, 61-5 

pasted, IV, 63-r 

schist for cupola linings, HE, 238-5 

specific gravity, V, 400- 1 

weight per cubic foot, V, 400-j 
Micabond cloth, IV, 358-r 
Micabond paper, IV, 358-1 
Micanite, IV, 63-1; 357-4 

doth. IV, 357-4 

paper. IV, 358-r 
Micarta, IV, 358-r 

gears, V, 513-2 

machining, V, 513-5 
Michigan machine industry, IV, 270-5 
Michigan pine for patterns, IV, 536-2 
Micro-coulomb, 11, 223-2 
Micro-farad, I, 557-j; n, 540-j 
Micrometallograph, IV, 349-4 
Micrometer, IV, 358-5 

adjustment for wear, IV, 360-2 

attachments, sensitive, IV. 361-2 

beam, designating size, IV, 287-1 

bench, IV, 362-j 

clamping device, devdopment, IV, 365- / 

description, IV, 358-5 

designating size, IV, 286-4 

dials, friction locks for. III, 51 1-5 

direct-reading, IV, 360-5 

direct-reading, history, IV, 366-2 

earliest made, IV, 362-5 

external, terge, IV, 359-' 

for deep-hole drills, II, 454-4 

for measuring forming tools, m, 199-2 

for measuring thickness of web of drills, 

11,466-5 
heads, designating size, IV. 287-j 
history of development, IV, 362-2 
inside, IV, 359-' 

inside, designating size, IV, 287-1 
. Inside, history, IV, 366-4 



Micrometer, measuring thread tool points 
with, VI, 284-2 

metric sytUm, IV, 357-5 

Palmer, IV, 362-5 

parts of, IV, 360-j 

quick-adjusting, IV, 362-2 

ratchet stop, devetopment, IV, 364-4 

reading. IV, 359-i 

rolling mill, IV, 366-5 

sensitive indicating, IV, 361-5 

speeder, development, IV, 364-2 

tested by Bureau of Standards, V, 544-J 

thread, VI, 249-5 

thread, ball-point, VI, 250-5 

thread, designating size, IV, 287-J 

thread, histoiy, IV, 365-4 

vernier scale, IV, 359-4 

Watt, IV, 363-2 
Micrometer-and-plug locating method, IV, 

218-J 
Microphotography, IV, 349-4 

fdiotogiaphs of steel, IV, 351-J 
Microscope objective thrad, IV, 59-4; VI, 

274-4 
Microscopic Sodety thread, IV, 59-4; VI, 

274-4 
Microscopic atudy of metals, IV. 348-5 

alloys, etching reagents, IV, 353-5 

dectrolytic etching, IV, 356-/ 

etching, IV, 349-2 

imperfections revealed, IV, 353-1 

iron and steel, etching reagents, IV, 355-2 

micrometallograph, IV, 349-4 

nonferrous metals, etdiing reagents, IV, 

353-5 

of malleable iron, IV, 309-4 

polish attack, IV, 356-2 

preparing spcdmtn, IV, 348-4 

sted, IV, 350-2 

sted, annealed, IV, 350-5 

steel, etching reagents, IV, 355-2 

sted, hardened, preparing, IV, 352-4 

steel, heat-treated, IV, 351-4 
Microstructure of metals, IV. 348-5 
Middle-cut in file making. III, 120-4 
Mil, IV, 367-/ 

circular, n, 121-5 

length measure, VI, 463-4 
Mild steel, IV, 270-4 

screw stock, V, 329-r 
Mile, VI, 463-4 

in kilometers, VI, 465-5 

nautical, VI, 463-4 

square, equivalents, VI, 464-r 

statute, VI, 463-4 
Milk tor marhiiiing copper, IV, 253-5 
MiU, see "Mills" 

Milled and bobbed gears, interchange- 
ability, IV, 15-5 
Mill files, m, 1 17-5 

application, m, 133-1 
Milligram, VI, 465-2 
MiDiheniy, m, 544-J 
MilliKter, VI, 465-2 
Millimeter, VI, 465-j 

in inches, VI, 465-5 

lead-screws, change-gears for, VI, 247-4 

used on metric drawings, IV, 357-2 

wire gage, VI, 507-2; 510-2 
Milling, IV, 400-4 

aluminum, I, 87-2 

angular, IV, 401- j; 403-2 

angular cutters, IV, 379-4 

attachments, IV, 386-4 

attachments, bench lathe, I, 341-5 

attachment, universal shaper, V, 351-5 

bevd gear teeth, m, 328-5; 350-4 

cams, r, 551-5 

chucks, magnetic, IV, 292-4; 298-j 

classification of processes. IV, 400-4 

clearance on twist drills, II, 470-j 
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Milling, compared with planing, IV, 394-j 
continuous, IV, 140-2; 404-2 
cutter rotation, IV, 402-5 
cutters, see "Milling cutters" 
end milling, IV, 401-1; 403-1 
face milling, IV, 401 -i 
feeds, V, 438-2 

fixtures, see "Milling fixtures" 
form milling, IV, 401-1; 403-4 
gang milling, IV, 401 -i; 403-J 
gear teeth, HI, 322-2; 334-J 
gear teeth, compared with hobbing, IV, 

19-/ 
grooves, IV, 403-^; A04-3 
helical or spiral, IV, 405-2 
holding work, IV, 401-2 
horsepower required, IV, 409-r 
keyways, IV, 404-j 
keyways, gaging, IV, 151-1 
kad of spiral with given change-gears, IV, 

407-2 
lubricant, IV, 253-4 
^ machines, see "Milling machines" 
plane surfaces, IV. 401-4 
power required for, IV, 408-4 
process of, IV, 390- j 
profiling, rV, 401-r; V, 172-3 
racks, V, 228-j 
routing, IV, 401-2 
saw teeth, V, 3x3-2 
saw-tooth dutches, 11, 133-r 
slab, IV, 401-2 

slab, rotary planer for, V, 105-r 
speeds and feeds, IV, 408-2; V, 437-4; 

438-5 
spiral, IV, 405-2; 407-5 
^iral, angle of helix, IV, 407-2 
spiral, change-gears, IV, 406-j; 407-4 
spiral flutes, IV, 372-2 
spiral flutes, cutter for, IV, 407-4 
spiral gears by disk cutters. III, 546-2 
spiral gears by end-mills, m, 546-2 
spiral gears, cutters for, V, 467-4 
spiral grooves with end-mill, IV, 408-/ 
spiral teeth, m, 326-7 
spiral, universal attachment, IV, 408-2 
spur gear teeth, m, 323-2 
square threads, VI, 361-1 
straddle, IV, 401-1; 403-2 
tangs of twist drills, II, 468-4 
teeth in cutters, IV, 370-2 
teeth in end-mills, cutters for, IV, 378-5 
teeth in side-mills, IV, 374-4 
thread, see "Milling, thread" 
T-alots, IV, 403-1 
use of dividing head, IV, 404-4 
worm-wheel teeth. III, 330-2 
Milling cutters, IV, 367-2 
allowance for grinding hole, IV, 372-5 
angular, IV, 379-2 
cutter for fluting, IV, 407-4 
demagnetizing, IV, 301-1 
designating size, IV, 286-r 
diagram of feed of, II, 306-5 
double-angle, IV, 379-3 
end-mills, IV, 378-2 
fluting, for chucking reamers, n, 109-2 
fluting, for reamers, V, 241-2; 243-2 
fluting, for taps, VI, 208-r; 209-2 
fly cutter. III, 160-j 
for bevel gears. I, 359-4; m, 326-4 
for die-sinking, H, 487-5 
for hacksaws, in, 491-4 
for hard rubber, V, 300-2 
formed, IV, 380-5 
formed, for spiral gears, m, 357-4 
formed, inserted blade, IV, 385-5 
for spiral gears, m, S2s-z; V, 467-4 
for spiral gears, demonstration of f ormuUi 

V,469-J 
for spur gears, HI, 322-2 



Milling cutters, gang, IV, 377-5 
gear, in, 320-4 

gear, forming tools for, m, 319-2 
grinding, see "Milling cutters, grinding" 
hardening, IV, 372-4 
heavy-duty side milling, IV, 375-2 
helical type, IV, 374-2 
high-speed steel, IV, 386-5 
high-speed steel, hardening, IV, 3-2 
hollow-mills, IV, 30-1 
hub, for die-sinking, II, 487-4 
inserted-blade, IV, 382-r 
inserted-blade, dimensions, IV, 386-r 
inserted-blade, formed, IV, 385-5 
mterlocked, IV, $75-3 
keyways, IV, 372-5 
left-hand, IV, 402-4 
lubrication, IV, 385-2 
metal slitting, IV, 381-5 
milling teeth in, IV, 370-2 
nicked, IV, 370-1 
nicking, effect of, IV, 385-2 
percentage of carbon in, I, 557-5 
plain, IV, 368-5 
re-fluting by grinding, n, 290-1 
relieving, V, 261-2 
relieving attachment for, V, 258-4 
right-hand, IV, 402-4 
rotation relative to feeding movement, IV, 

402-5 
saws for copper, IV, 382-j 
setting central for spur gears, m, 322-5 
setting for bevel gears, III, 326-4 
setting to depth for spur gears, III, 323-r 
ade milling, IV, 374-3 
steel for, II, 274-1; IV, 386-1; VI, 301-2 
stocking, in, 321-4 
straddle, IV, 374-3 
teeth, IV, 369-1 
teeth, helical, IV, 369-4 
teeth, inserted, steel for, 11, 274-2 
teeth-testing gage, IV, 381-2 
tempering, HI, s^9-4l IV, 372-4 
thread, VI, 258-1 
T-slot. IV, 381-2 
twist drill, grooving, 11, 468-j 
types, IV, 367-^ 
Mining cutters, grinding, II, 285-2; IV, 

372-4 

angular cutters, 11, 287-4 

clearance angles, n, 287-5 

cylindrical cutters, 11, 285-5 

end-mills, n, 289-2 

formed cutters, n, 288-j 

gear-cutters, 11, 288-4 

machine for, II, 285-2 

position of tooth-rest, II, 287-2 

re-fluting worn cutters, n, 290-r 

side-mills, II, 289-5 

wheels used, n, 286-5 
MlUing fiztores, IV, 136-4 

clamping devices, IV, 101-5 

design, effect of chips, 11, 104-5 

examples, IV, 139-2 

for continuous milling, IV, 140-2 

for thread cutting, VI, 260-5 

indexing, IV, 139-3 

rotary, IV, 142-4 
Mining machines, IV, 390-5 

arbors for, I, 123-2 

arbors with outboard support, I, 123-4 

attachments, see "Milling machines, 
attachments" 

automatic, IV, 397-r 

cam, I, 554-4; IV, 400-j 

cam, speed change-gears, V, 432-5 

classification, IV, 390-4 

colunm-and-knee, IV, 391-1 

combined boring, drilling, and milling, I, 
469-2; IV, 397-^; 45 1-4 

combined drilling and millmg, II, 462-2 



Milling machines, combined horizontal and 
vertical, IV, 395-7 
continuous circular, IV, 396-4 
designating size, IV, 284-4 
die-millmg, IV, 398-r 
die-sinking, IV, 397-2 
die-sinking, with cherrying head, IV, 

398-2 
dividing-head, IV, 47-5 
dividing-head, use of, IV, 404-4 
driving mechanism, efficiency, IV, 409-z 
earliest built (illustration), IV, 282-2 
earliest, Lincoln t3rpe, IV, 282-4 
early use of, IV, 282-2 
efficiency, requirements, IV, 408-5 
elliptic turning and boring in, m, 55-j 
feed mechanisms, V, 423-5; 425-2; 428-2 
feed mechanisms, efficiency of, IV, 408-4 
form, IV, 400-1 

gear cuttinig in. Ill, 322-2; 335-1 
graduating in, m, 426-2 
hand, IV, 396-5 
horizontal, IV, 394-J 
horizontal, duplex, IV, 396-2 
horsepower, IV, 451-5 
indexing, IV, 47-2 
indexing movement for graduating in. III, 

424-r 
indicator for boring in, IV, 221-4 
keyseat, IV, 400-2 
lead of, IV, 198-/; 406-2 
Lincoln, double-head, IV, 396-2 
Lincoln, semi-automatic, IV, 396-r 
Lincoln t3T)e, IV, 395-2 
motor drive, IV, 451-1 
motor drive, horsepower, IV, 448-2 
muUiple-spindle, IV, 394-4 
Nasmyth's, IV, 280-4 
open-side type, IV, 394-2 
operation, IV, 391-5; 400-4 
oscillating, IV, 400-5 
parts of, IV, 391-2 
plain, IV, 391-' 
piano-milling, IV, 394-4 
profiler, V, 172-4; 176-4 
rack cutting in, V, 228-5 
rotary planer, IV, 394-^; V, 105-/ 
side-head, single-spindle tjrpe, IV, 394-2 
slabbing, IV, 394-4 
speed mechanisms, V, 423-5; 424-5; 

427-3 

tests, IV, 408-5 

thread, IV, 400-5; VI, 259-j 

thread, used for cutting worms, III, 374-5 

universal, IV, 392-4 

universal, development, IV, 393-2 

universal, first built, IV, 281-4 

use of eccentric boring head in, U, 518-5 

vertical, IV, 393-5 

vertical-spindle, horizontal, IV, 394-2 

vertical type, IV, 394-2 

vise, VI, 440-r 

vise, "hold-downs" for, V, 117-2 
Milling mmchines, attachments, IV, 
386-5 

circular milling, IV, 389-2 

dividing-head, IV, 387-j 

for cutting spirals of ^ort lead, IV, 390-2 

high-speed, IV, 388-5 

horizontal, for vertical machines, IV, 
388-5 

index centers, IV, 386-4 

rack-cutting, IV, 390-j 

slotting, IV, 388-4 

spiral head, IV, 387-r 

s|;Mral milling, IV, 388-j 

universal, IV, 387-5 

vertical-spindle, IV, 387-j 

vertical-spmdle, compound, IV, 387-2 
Milling, thread, VI, 258-j 

cutters, VI, 258-2 
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IffilEng, thread, fixture for, VI, 260-3 

machines for, VI, asg-i 

multiple cutters, VI, 358-j 

number d cuts, VI, 258-4 

square threads, VI, 261-1 
MilUvoItmeter in pyrometers, V, 221-5 
BCill picks, steel for, n, 274-2 
Mill-power oil switches, VI, 17 1-4 
Mills, boring and turning, I, 469-a 

horsepower, IV, 452-4 
Mills, end-, IV, 378-2 
Mills, hollow-, IV, 30-1 

de^gnating size, IV, 285-4 

for automatic screw machines, 1, 161-4 

tempering, m, 5x9-5 
Mills, rolling, V, 282-j 

Belgian, VI, 519-5 

classification, V, 282-4 

for wrought iron, VI, 560-1 

looping, VI, 519-j 
Mine hoists, motor drive, IV, 436-4 

automatic operation, IV, 438-4 

drums for, IV, 437-1 

safety devices, IV, 438-2 
Mine locomotives, motors for, IV, 438-4 
Mineral bladL, II, 2x5-5 
Mineral filler, electrical insulation, IV, 65-2 
Mineral grease, IV, 245-5 

coefficient of friction. III, 216-2 

effect on friction, m, 215-2 
Minerallac, IV, 409-2 
Mineral lard oil, IV, 255-1 
Mineralogical hardness, III, 527-2 
Mineral ofl, IV, 244-j 

coefficient of friction, m, 216-2 

effect on friction. III, 215-2 

flash point, IV, 248-4; 249-2 

for air compressor lubrication, IV, 251-1 

for quenching baths, m, 515-4 

freezing point, IV, 249-4 

lard, IV, 255-r 

specific gravity, V, 39^4 

viscosity, IV, 248-j 
Minerals, hardness scale, m, 527-j 

testing for aluminum, I, 85-2 

testing for sdenixmi, V, 331-r 
Mineral wool, IV, 409-5 

heat insulating value, m, 542-5 
Miner's inch, IV, 409-5 
Minimeter, IV, 409-4 
Minims, fluid measure, VI, 464-5 
Mining machinery, manganese-bronze for, 

IV, 319-4 

Mining tools, steel for, 11, 274-r 
Minofor metal, IV, 410-2 
Minor axis of ellipse, IV, 340-5 
Mints, U. S., gold refining, m, 40-1 

silver refining, m, 39-4 
Minute, angular measurement, IV, 337-1 
Missouri, machine industry, IV, 270-5 
Mitered joint, IV, 543-2 
Miter gearing, I, 352-4 

formulas, I, 356-r 
Mixed flow water turbine, VI, 453-1 

runners, VI, 449-4 
Mixed-pressure turbine, VI, 57--? 
Mixer for Bessemer process, I, 350-J 

for stationaiy oil engines, m, 289-2 
Mixing concrete, HE, 205-5; 206-1 
Mixing valves for gas and air, in, 289-5 
Mixtures, in chemistry, 11, 95-5 
Module gear teeth, V, 507-2 

diametral pitch and module compared, V, 
507-2 
Modulus of eUsticity, VI, 96-2 

metals, table, VI, 97-r 

phosphor-bronze, V, 493-5 

^ring brass, V, 493-5 

steel, V, 493-3 

toraional, phosphor-bronze, V, 493-3 

torsional, spring brass, V, 493-J 



Modulus of elasticity, torsional, steel, V, 

493-J 
Modulus of torsion, IV, 410-4 
Modnliis, section, VI, 104-2 

of different shapes, I, 265 

of I-beam, IV, 45-5 

of standard rhannels, 11, 81-5 

of structural angles, I, 95-j 

of Z-bars, VI. 563-5 

polar, V. 331-4 

polar, table, VI, 106-1 

punch and shear frames, V, 2x3-/; 214-j 
Modulus, Young's, VI, 563-j 
Moebius cell for silver refining. III, 39-1 
Mohs' hardness scale. III, 527-1 
Moisture in compressed air, I, 41-5 
Moisture-resisting electrical machine, V, 

532-4 
Mol, IV, 4x0-4 
Mold board, IV, 421-2 
Molded compounds, electric insulating, IV, 

64-4 
insulating value, IV, 61-4 
Molded rubber as electrical insulation, IV, 

64-i 
Molders' aeve, IV, 412-2 
Molders' tools, IV, 41 2-1 
Molding, electric wire, colors for, V, 36-1 
Molding, foundry, IV, 41X-1 

aluminum castings, I, 86-4 

bedding in, IV, 418-2 

brass foundry, I, 495-4 

brief description, m, 21 2-1 

burning on, IV, 422-5 

casting on, IV, 422-5 

chaplets, IV, 415-2 

chills, IV, 422-2 

clamping molds, IV, 414-5 

core making, 11, 208-2 

cores, IV, 413-2 

dry sand, in, 2x2-2; IV, 41 1-2 

feeders, IV, 414-5 

flasks, IV, 412-5 

gates in molds, IV, 413-4 

gaggers, IV, 416-1 

gears, machines for, IV, 427-1 

green sand, m, 2x2-1; IV, 4x1-1 

irregular joints or partings, IV, 42X-J 

loam, m, 212-5; IV, 4XX-2 

loam, with spindle and sweeps, IV, 4x9-4 

loose, m, 2x2-5 

machines, see "Molding machines, found- 



ry 
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match plates, IV, 421-4 

mold board, IV, 421-2 

molds, see "Molds" 

oddside, m, 2x2-5 

plate, in, 2x2-5 

pouring basins, IV, 414-r 

ramming molds, IV, 413-2 

relation to pattemmaking, IV, 531-4 

risers, IV, 414-3 

sand (see also "Molding sand'Oi IV, 427-5 

segment and core-box method, IV, 418-4 

shrink-head, IV, 414-5 

sieve, IV, 412-2 

sinking head, IV, 4x4-5 

skimming gates, IV, 4x4-2 

skin-dried molds, IV, 4x5-1 

spindle and sweep, IV, 4x9-2 

stopping off, IV, 548-5 

sweeps for, IV, 548-j 

three-part flask, IV, 4x7-5 

three-part work in two-part flask, IV, 

4x7-4 
tools and appliances, IV, 4x2-1 
trade school for, VI, 304-2 
two-part flask, IV, 4x6-5 
venting molds, IV, 4x3-5 
weighting molds, IV, 414-5 
with draw-backs, IV, 421-j 



Molding, foundiy, without patterns, IV, 

418-4 
Melding-genermting gesr teeth, m, 

333-^ 

bevel gears, m, 349-j 

bobbing machine, in, 343-r 

machines of shaper type, m, 340-4 

milling machine, m, 343-J 

spiral gears, m, 360-2 

worm-wheels, in, 370-5 
Molding mschines, fonndry, IV, 422-4 

brief description, in, 2x3-2 

cam-operated jarring, IV, 423-4 

classification, IV, 423-z 

development, IV, 422-4 

for molding gears, IV, 427-1 

gravity type, IV, 426-4 

hand-squeezer, IV, 424-5 

in brass foundzy, I, 496- r 

jarring and roll-over combination, IV, 
426-2 

jarring or jolting, IV, 423-2 

molding press, IV, 424-4 

pneumatic hand rammer, IV, 427-j 

roller type, IV, 426-4 

roll-over type, IV, 425-4 

shockless jarring, TV, 424-1 

squeezing or pressing, IV, 424-5 

stool plate, IV, 425-5 

use of stripping plate, IV, 425-2 

variable stroke jarring, IV, 424-2 
Molding machines, wood, speed, V, 444- 1 
Molding sand, IV, 41 1-5; 427-5 

composition, IV, 427-4 

fine, IV, 428-5 

heavy, IV, 428-4 

medium, IV, 428-4 

mixtures, IV, 428-5 

"strength of," IV, 428-5 

temperixig, IV, 41 1-4 
Molding vitrified wheds, m, 472-2 
Molds, IV, 4x3-2 

automobile tire, engraving, in, 62-2 

damping, IV, 414-5 

core, piston ring, V, 90-1 

crudble steel ingot, n, 272-4 

die-casting machines, opening and dosing, 

n, 319-r 

feeders, IV, 4x4-5 

feeding, IV, 414-5 

for aluminum, I, 86-4 

for brass rolling mills, I, 497-5 

for castings, n, 26-4 

for chilled castings, n, 99-5 

for concrete foundations, filling, m, 

208-5 
for die casting, n, 331-2 
for gun-metal, IH, 489-2 
fonning gates, IV, 4x3-4 
for mond metal, IV, 430-4 
for pig iron, I, 379-4 
for sted castings, VI, 69-5 
for thermit welding, VI, 502-4 
for zinc alloy castings, VI, 567-4 
hardness of, IV, 413-5 
loam, IV, 4x9-4 

permanent, brief description, m, 213-1 
permanent, casting in, n, 20-4 
permanent, materials for, n, 2X-4 
pouring basins, IV, 4x4-1 
pouring, steel foundry, VI, 70-2 
ramming, IV, 4x3-2 
risers, IV, 414-5 
rod-casting machine, V, 273-5 
rod-casting machine, cooling, V, 274-2 
shrink-head, IV, 414-5 
sinking head, IV, 414-5 
skimming gates, IV, 4x4-2 
skin-dried, IV, 415-7 
slush castings, VI, 568-2 
sted casting, difficulties in filling, VI, 72-2 
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Molds, three-part fiaak, IV, 417-j 
three-part work in two-part flaak, IV, 

417-4 

two-part flask, IV, 416-j 

venting, IV, 413-j 

weighting, IV, 414-j 

without patterns, IV, 41&-4 

without patterns or core-boxes, IV, 548-1 
Molecular inertia in iron, IV, 78-i 
Molecular weight, II, 93-j; IV, 428-4 
Molecule, II, 92-4 
Molten metal, handling, m, 211-3 
Molybdate, caldum, IV, 429-r ^ 

hydrous ferric, IV, 429-1 

lead, IV, 429-j 
Molybdenite, IV, 429-x 
Molybdenum, IV, 428-4 

alloy steel, nickel-, IV, 429-a 

alloy, stellite, VI, 73-2 

influence on high-speed steel, IV, 1-4 

melting point, IV, 335-2 

ochre, IV, 439-1 

specific gravity, V, 398- J 

steel, IV, 429-2 

weight per cubic inch, V, 398-j 
Moment, IV, 429-2 

bending, VI, 104-2 

in mechanics, IV, 330-2 

of a couple, m, 174-1 

of a force, m, 173-4; IV, 201-3 

of inertia, IV, 57-4 

of inertia, in strength of materials, VI, 
X04-J 

of inertia, of beam sections, I, 271-2 

of inertia, of crane girder, n, 259-4 

of inertia, of cross-sections, I, 265 

of inertia, polar, V, 331-4 

of inertia, polar, table, VI, 106-j 

of inertia, quadric inch, V, 226-3 

of resistance, VI, 104-2 

torsional, VI, 105-5 
Momentum, IV, 429-3 
Mondon file-cutting machine, m, 11 2-2 
Mond process, IV, 490-4 
Monell process, IV, 508-2 
Monel metal, IV, 429-4 

electrolytic etdiing, IV, 356-r 

for steam turbine blades, VI, 58-3 

pipe, strength, V, 26-2 
Monier flues, IV, 194-4 
Monitor lathe, IV, 179-if VI, 351-2; 354-2 
Monitor idow sted rope, tables, VI, 521-4; 

$22-2; 523-3 
Monkey wrench, VI, 553-4 
Monometric coefficient, V, 206-4 
Monotype metal, IV, 21 1-2 
Monovalent, n, 94*4 
Moore dutch, IT, 143-j 
Moore tube lamp, n, 551-/; IV, 430-4 

when invented, n, 544-3 
Morgan dutch, II, 136-2 
Morse silent chain joint, II, 70-3 
Morse taper sockets, IV, 431-2 

reamers for, V, 246-2 
Morse thermo-gage, V, 2x8-1 
Mortar, lime, m, 305-2 

spedfic gravity, V, 400-r 

weight per cubic foot, V, 400-1 
Mortising, machine, in pattemmaking, IV, 

535-4 

motor drive, IV, 441-1 

speed, V, 444-1 
Mossberg clutch, n, 138-3 
Motion, IV, 432-1 

accelerated, IV, 432-1; 433-/ 

accelerated rotary, IV, 433-3 

falling bodies. III, loi-i 

general formulas, IV, 432-2 

intermittent, gearing for, IV, 72-2 

Newton's laws, IV, 333-4 

on inclined planes, IV, 433-2 



Motun, perpetual, IV, 331-2 

retarded, IV, 432-1; 433-1 

rotary, IV, 432-4 

uniform, IV, 432-/ 

Whitworth, VI, 504-4 
Motor, rv, 462-3; 474-2 

acycUc, I, 26-3 

alternating-current, see ''Motor, A. C." 

ball bearings for, I, 218-4 

boat engines, in, 394-1 

booster, V, 531-2 

chain, lubrication, IV, 246-2 

classification, n, 190-3 

commutating, see "Motor, oommutatin^" 

compared with generator, n, 532-3 

conduit wiring for, VI, 537-1 

controlling devices, n, 187-1 

converters, 11, 197-3; V, 531-3 

direct-current, see "Motor, D. C." 

drive, see "Motor drive" and "Motor 
drive for machine tools" 

electric, definition, V, 531-2 

electric, pressed fits on, m, 148-2 

electric, principle, n, 531-2 

dectric, rating, V, 534-1 

endodng, VI, 540-2 

generators, see "Motor generators" 

hydraulic, VI, 444-2 

hydraulic, classification, VI, 446-2 

induction, see "Motor, induction" 

lubrication, IV, 246-2 

opened or enclosed, IV, 444-3 

operation of drcuit-breakers, II, 120-2 

operation of oil switches, VI, 174-3 

paraffin, IV, 522-4 

regulating, used with induction motor, 

IV, 469-4 
repulsion-induction, IV, 474-r 
speed classification, V, 532-2 
starters, II, 187-1 
stray load-losses, V, 536-2 
supports, IV, 453-3 
suspending from ceilings, IV, 456-3 
synchronous, see "Motor, sjmchronous" 
types of, for different requirements, IV, 

443-4 
variable-^)eed, IV, 444-r 
wall brackets for, IV, 455-2 
wiling, conduit for, VI, 535-1 
wiring, wire for, VI, 533-^ 
Motor, A* C. (see also "Motor, induction" 

and "Motor, synchronous"), IV, 462-3 
amperes and horsepower, IV, 468-2 
cascade operation, IV, 469-3 
conmiutating, IV, 472-4 
commutating, operation, IV, 473-4 
commutating, polyphase, IV, 474-x 
commutating, prindples, IV, 473-1 
current required, table, VI, 534-1 
effidency, VI, 146-3 
frequency changes, IV, 468-2 
induction, IV, 462-3 
induction, care, IV, 471-1 
induction, effidency, IV, 467-4 
induction, energy losses, IV, 467-3 
induction, multi-qieed, IV, 470-r 
induction, operation, IV, 471-r 
induction, phase-wound rotor, IV, 467-x 
induction, power factor, IV, 467-4 
induction, slip, IV, 466-2 
induction, theory, IV, 463-2 
induction, torque, IV, 465-3 
induction, wiring diagrams, IV, 470-3 
instrument, scale for, VI, 146-3 
motor-generator set, use of, IV, 469-4 
repulsion-induction, IV, 474-1 
rotary converter, use of, IV, 469-4 
speed control, IV, 469-1 
speed regulation, II, 187-4 
switchboard control, VI, 15 1-3 
synchronous, IV, 471-2 



Motor, A. C, synchronous, hunting, IV, 
472-2 

synchronous, power factor, IV, 47^-3 

synchronous, prindples, IV, 471-3 

voltage changes, IV, 468-2 
Motor, commutating, IV, 472-4 

operation, IV, 473-4 

polyphase, IV, 474-' 

power factor, IV, 473-4 

principles, IV, 473-r 

reducing inductance, IV, 473-2 

repulsion-induction, IV, 474-1 

repulsion motor, IV, 473-4 
Motor, D. C, IV, 474-2 

armature, IV, 475-1 

armature reaction, IV, 478-2; 479-4 

armature regulation, IV, 444-/ 

armature winding, IV, 475-2 

brushes, IV, 476-1 

brushes, sparking. III, 1-3; IV, 479-4 

commutating poles, IV, 479-2 

commutation plane, IV, 477-4 

conmiutator, IV, 476-x 

commutator faults, m, 1-4 

compound-wound, IV, 442-3 

current direction and rotation, IV, 477-3 

current required, table, VI, 534-x 

effidency, IV, 48X-X; VI, 146-4 

fails to start. III, 3-3 

fidd, IV, 474-J 

fidd control, IV, 444-2 

fidd magnets, IV, 474-3 

for factory use, IV, 442-4 

heatbg of parts, HI, 2-2 

instrument scale for, VI, 146-3 

losses, V, 535-x 

noises. III, 3-x 

operation, m, i-x 

prindple of action, IV, 476-2 

rating, variable speed shunt, IV, 445-3 

regulation, rules, V, 537-x 

running backward, in, 3-4 

self-induction, IV, 480-x 

series-wound, IV, 442-2 

shunt-wound, IV, 443-3 

sparking, m, 1-3; IV, 479-4 

speed and load relation, IV, 481-2 

speed regulation, n, 187-2 

stoppbg, m, 3-3 

switchboard control, VI, X51-X 

torque, IV, 477-x 

variations in speed, in, 3-2 

winding armature, multiple, IV, 484-2 

winding armature, series, IV, 481-4 
Motor drive, IV, 433-4 

air compressors, IV, 434-x 

blowers, m, 108-x 

brakes, I, 490-x 

centrifugal pumps, V, 209-2 

coal cutters, dectric, IV, 439-2 

cranes, IV, 434-3 

cranes, effidency, n, 245-x 

cranes, horsepower, n, 244-3; 245-2; 

345-5 
cranes, overhead, n, 243-4; 254-2 
cranes, selection of motor, IV, 443-3 
dredges, IV, 439-3 
ezdters, V, 141-2 
fans, m, 108-X 
hoists, IV, 443-J 
machine -tools (see also "Motor drive for 

machine tools"), IV, 441-3 
mine hoists, IV, 436-2 
mine locomotives, IV, 438-4 
pumps, V, 208-3; 208-4 
pumps, horsepower, V, 209-3 
rock drills, IV, 439-2 
rolling mills, V, 284-4; 286-4 
shovds, dectric, IV, 439-2 
various applications, IV, 433-4 
wiring for, VI, 532-2 
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Motor drive, woodworking machinery, IV, 

439-4 
Motor drive for machine tools, IV, 441-j 
automatic screw machines, IV, 450-j 
bending rolls, IV, 451-i 
bending rolls, horsepower, IV, 452-4 
bolt and nut machinery, horsepower, IV, 

453-1 
boring machines, IV, 450-j 
boring machines, application to, IV, 446-4 
boring machines, horsepower, IV, 451-i 
boring mills, horsepower, IV, 452-4 
bulldozers, horsepower, IV, 452-2 
chucking lathes, IV, 450-2 
cold saws, horsepower, IV, 452-2 
controllers, IV, 449-2 
crank alotters, horsepower, IV, 452-1 
cut-off saws, horsepower, IV, 452-2 
cutting-off machines, horsepower, IV, 

452-1 
D. C. motors, requirements, IV, 442-4 
drilling machines, IV, 450-5 
drilling machines, horsepower, IV, 451-j 
emery wheels, horsepower, IV, 452-1 
gear-cutters, horsepower, IV, 452-r 
grinding machines, IV, 450-4 
grinding machines, horsepower, IV, 45 2-1; 

452-3 
group, IV, 441-4 
hammers, horsepower, IV, 452-5 
horsepower for carbon steel tools, IV, 

448-1 
horsepower required, tables of, IV, 45 x -5 
individual, IV, 441-j 
keyseating machines, horsepower, IV, 

452-1 
lathes, application to, IV, 446-1 
lathes, a^de, IV, 450-2 
lathes, axle, horsepower, IV, 452-5 
lathes, bench and speed, IV, 449-4 
lathes, buffing, horsepower, IV, 452-2 
lathes, chucking, IV, 450-2 
lathes, engine, IV, 450-1; V, 406-2; 407-2 
lathes, engine, horsepower, IV, 451-5 
lathes, forge, IV, 450-r 
lathes, wheel, IV, 450-2 
lathes, wheel, horsepower, IV, 452-5 
milling machines, IV, 451-1; V, 424-5 
milling machmes, horsepower, IV, 451-J 
motor brackets for colunms, IV, 457-5 
motor selection, IV, 443-2 
motors for different requirements, IV, 

443-4 
motor supports, IV, 453-J 
motors, variable-speed, IV, 444-1 
pipe threading machines, horsepower, 

IV, 452-1 
planets, IV, 450-4; V, loi-i 
planers, application to, IV, 448-5 
planers, forge, horsepower, IV, 4^2-4 
planers, horsepower; IV, 451-5 
planers, rotary, horsepower, IV, 452-5 
planers, types of motors, V, 100-4 
punches, IV, 451-/ 

punching machines, horsepower, IV, 453-1 
radial drills, application to, IV, 446-4 
saws, horsepower, IV, 452-2 
screw macUnes, IV, 450-5 
sensitive drills, horsepower, IV, 451-4 
shapers, IV, 4SO-4; V, 349-'; 352-1 
shapers, application to, IV, 448-5 
shapers, horsepower, IV, 452-5 
shearing machinery, horsepower, IV, 453-1 
shears, IV, 451-1 
shears, horsepower, IV, 452-2 
slotters, IV, 450-4; V, 384-4 
slotters, horsepower, IV, 452-r 
speed lathes, IV, 449-4 
straightening rolls, horsepower, IV, 452-4 
suspending motors from ceilings, IV, 

456-5 



Motor drive for machine tools, tool grinder, 
horsepower, IV, 452-5 

types of motors, IV, 442-2 

wsill brackets for motors, IV, 455-1 

wheel presses, horsepower, IV, 452-4 

wiring for, VI, 532-2 

woodworking machines, IV, 439-4; 451-2 
Motor-generators, IV, 457-4; V, 531-^ 

balancers, IV, 458-4 

boosters, I, 262-2; IV, 457-4 

dynamotors, IV, 460-2 

flywheel equalizing sets, IV, 460-4 

frequency changers, IV, 461-r 

induction motor-driven sets, IV, 461-5 

in electric substations, V, 148-4 

regulation, rules, V, 537-r 

synchronous motor-driven sets, IV, 461-5 

used with induction motor, IV, 469-4 
Motor, indoction, IV, 462-5 

amperes and horsepower, relation, IV, 
468-2 

care and operation, IV, 471-r 

cascade operation, IV, 469-5 

changed voltage, HE, 8-4 

comparison between 2- and 3-phase, IV, 
468-4 

comparison between 25- and 60-cycles, IV, 

46^-4 
connections, wrong, IH, 8-2 
considered as transformer, IV, 463-2 
controller troubles, m, 8-2 
current lag, IV, 468-r 
defects in starting compensator, m, 8-7 
definition, V, 532-j 
efficiency, IV, 467-4; VI, 146-5 
electromotive force, IV, 463-5 
energy losses, IV, 467-5 
excessive current at starting, HI, 8-2 
excessive load at starting, m, 8-2 
failure to carry load, m, 8-5 
faflure to start, in, 7-4 
frequency changes, IV, 468-2 
' frequency, variation of, m, 8-4 
losses, V, 535-' 

motor-generator set, use of, IV, 469-5 
multi-speed, IV, 470-1 
operation. III, 7-5 
overheating, ni, 8-5 
overload, III, 8-5 
phases, IV, 464-2 
phase-wound rotor, IV, 467-1 
polyphase conunutator, use of, IV, 469-4 
power factor, IV, 467-4; VI, 146-5 
production of rotating field, IV, 464-4 
regulating motor, use of, IV, 469-4 
regulation, rules, V, 537-j 
rotary converter, use of, IV, 469-5 
short circuit, m, 8-5 
single-phase, IV, 469-r 
slip, IV, 466-2 

slip and load, relation, IV, 466-4 
sparking, m, 8-4 
speed control, IV, 469-1 
starting, for converters, II, 199-2 
starting resistance, high, in, 8-2 
theory, IV, 463-2 
torque, IV, 465-3 
unbalanced voltages, IH, 8-4 
vibration, m, 8-4 
voltage changes, IV, 468-2 
voltage, high, m, 8-2 
voltage, low, m, 7-4 
wiring diagrams, IV, 470-5 
Motor, eynchronoiiB, IV, 471-2 
condensers used as, II, 182-5 
definition, V, 532-/ 
difficulties in starting, III, 6-5 
efficiency, VI, 146-5 
excessive heating, in, 6-2 
failure to develop full load torque, m, 7-2 
field winding, IV, 471-2 



Motor, ^nchronous, frequency low, in, 6-5 

hunting, ni, 7-5; IV, 472-2 

incorrect connections, in, 7-2 

in motor-generator sets, IV, 460-5 

losses, V, 535-2 

open field circuit, m, 6-2 

operation, in, 6-2 

polarity, wrong, in, 6-5 

power factor, IV, 472-5; VI, 146-5 

power Victor correction, m, 6-2 

principles, IV, 471-5 

starting, for air compressors, IV, 434-2 

stops under maximum load, m, 7-5 

switchboard control, VI, 15 1-5 

synchronous speed, m, 6-4 

voltage, low, m, 6-2 
Motor-type meters, ampere-hour, in, 23-4 

watt-hour, m, 24-j 
Mottled colors, on finished articles, n, 168-1 

on iron and steel, n, 162-5 
Mottled iron, IV, 81-4 

pig iron, V, 22-j 
Mottling, IV, 485-J 
Mounting, ball bearings, I, 215-z 

blueprints, I, 394-2 

grinding wheels, m, 475-3; V, 304-4 

grindstones, in, 487-4 

jig drawings, IV, 125-5 

level glass, IV, 200-5 

oil switches, VI, 173-5 
Moving-coQ dynamometer t3rpe instru- 
ments, m, 17-X 
Moving-coil permanent-magnet instru- 
ments, in, 16-2 

voltmeters, m, 20-2 
Moving-iion type instruments, m, 18-2 

frequency meters, m, 23-1 

voltmeters, m, 20-2 
Moving-needle voltmeters, m, 30-2 
Mud drums for boilers, material, I, 433-5 
Mud taps, VI, 443-2 

designating size, IV, 386-1 
Muff coupling, n, 229-4 
Muffle brazing, I, 502-4 
Mulberry wood, specific gravity and weight, 

V,399-' 
Mule puUey, I, 332-5 
Mule stand, I, 332-5 

Multi-cone dutch, n, 133-4; i35-r; 142-1 
Multi-cylinder hydraulic presses, IV, 37-j 
Multi-gap lightning arrester, IV, 209-2 
Multi-path lightning arrester, IV, 208-4 
Multiple chain, n, 62-5 
Multiple-crank presses, V, 151-4 
Multiple dies, n, 364-5 
Multiple-disk cone dutch, n, 142-2 
Multiple-expansion engines, VI, 26-4 
Multiple-expansion pumps, V, 189-1 
Multiple-head planers, V, 102-2 
Multiple index centers, IV, 386-4 
Multiple lathes, IV, 178-2 
Multiple-pawl ratchet gearing, V, 232-4 
Multiple planing, V, 1x3-1 
Multiple presses, V, 155-2 

plunger press, V, 161-4 
Multiple punching machines, V, 216-4 

pneumatically-controlled, V, 217-2 
Multiple rope transmission system, V, 293-2 
Multiple-spindle drill heads, n, 464-5 
Multiple-spindle drilling machines, n, 
456-4; 458-4 

application of, n, 443-5 

geared drive, V, 416-2 

horsepower, IV, 451-4 

rotary-platen type, n, 462-4 

turret type, n, 463-1 

use of, for successive operations, n, 459-4 
Multiple-spindle milling machines, IV, 394-4 
Multiple splines, IV, 151-4 
Multiple stops for engine lathes, IV, 175-4 
Multiple system of copper refining, in, 35-r 
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Multiple threads, VI, 264-4 

cutting, VI, 240-4 

faceplate for cuttiag, VI, 241-3 
Multiple-tool lathe, IV, 177-4 
Multiple winding, D. C. motor, IV, 475-2; 

4«4-^ 

compared with series, IV, 475-3 
Multiplication, m, 203-j 

by logarithms, IV, 242-j 

in algebra, I, 62-4; 64-3 

on slide-rule, V, 375-2 

signs, omitting in fonnulas, m, 202-4 
Multipliers for watt-meters, m, 20-4 
Multipolar direct-current generators, HI, 

400-2 
Multipolar magnetic chucks, IV, 298-r 
Multi-pressure steam turbines, VI, 40-j 
Multi-speed motors, V, 532-2 

induction motors, IV, 470-j 
Multi-stage air compression, I, 33-2 

advantages, I, 45-4 

compressors, cylinder dimensions, I, 46-2 
Multi-stage centrifugal pumps, V, 203-2 
Multi-stage steam turbines, VI, 40-4 
Multt-tumiiig tools, VI, 344-j 

for automobile hub, VI, 345-J 

for flat turret lathe, VI, 344-4 

for gear blanks, VI, 349-1 

for piston turning, VI, 347-J 

for shafts, VI, 344-j 

for vertical boring mill, VI, 349-4 

for vertical turret lathe, VI, 348- j 

piloted, VI, 346-2 

toolpost turret, VI, 349-2 

with roller back-rest, VI, 347-1 
Multi-velodty steam turbines, VI, 40-2 
Muntz metal, I, 67-4; IV, 485-2 
Muriate of ssinc, used in tinning, VI, 

289-4 
Muriatic add, I, 23-4 

specific gravity, V, 398-4 

used in tinning, VI, 289-j 
Murphy tests on windmills, VI, 506-2 
Murray's planer, IV, 280-2 
Muscovite mica, IV, 63-/; 358-j 
Mushet steel, IV, 2-/; 485-2 
Music wire, IV, 485-j 

drawing, VI, 512-j 

lor wire fonning, VI, 517-j 

gage, American, VI, 507-1 

gages, table, VI, 509-3 • 
Muslin polishing wheels, V, 124-2 

speed, V, 125-4 
Mutual inductance symbol, V, 529-4 
Mutual induction, coefficient, V, 529-4 

Nail-pktes, IV, 486-1 

Nails, IV, 486-1 
for patterns, IV, 536-4 
holding power, IV, 486-j; V, 453-^ 
holding power of cut and wire compared, 

V. 453-^ 
Nameplates, alloy for, I, 69-2 

engraving machines for, HI, 58-4 

etching brass, III, 71-4 
Naphtha, IV, 486-4 

engines, IV, 486-4 

specific gravity, V, 398-4 

specific heat, V, 401-4 

zinc tubes for, V, 26-5 
Naphthaline, boiling point, I, 448-4 
Napierian logarithms, IV, 243-3; 487-/ 
Narrow guide, IV, 487-1 
Nasmyth's inventions, IV, 280-4 

steam aim, IV, 280-4 

steam hanmier, III, 181-4 
Nason's patent screw-chasing apparatus, 

VI, 354-1 

National-Acme set-screw standard head, V, 
327-1 



National Electric light Association wire 

gage, VI, 510-2 
National standard hose thread, IV, 32-4 
Native copper, II, 204-3 
Natural aJloy, monel metal, IV, 429-4 
Hatonl ftUoy steel, IV, 493-2 

application, IV, 495-j 

brief summary, I, 76-j 

casehardening, IV, 494-4 

composition, IV, 493-3 

heat-treatment, IV, 494-3 

heat-treatment, effect of, IV, 495-J 

properties, IV, 493-4 

strength, IV, 494-1 

working, IV, 494-2 
Natural cement, II, 36-r 
Natural gas, as furnace fuel, m, 230-4 

for engines, m, 296-2 
Natural logarithms, IV, 243-3 
Natural oils, IV, 245-/ 

flash point, IV, 248-4 
Natural tangent method for laying out 

angles, I, 94-1 
Nautical measure, VI, 463-4 
Nautical mile, VI, 463-4 
Naval brass, I, 67-4; n, 207-2 
Havy practice, hose thread, IV, 32-j 

lock-nut, IV, 222-2 

pitch of bolts for water and steam joints, 

V,44-4 

propeUer kejrs, IV, 147-3 

sunk keys, IV, 145-1 

wire size designation, VI, 508-3 
Havy Bpedflcationg, aluminum, I, 86-3 

anvils, I, 104-1 

belting, I, 321-3 

bolts. I, 453-4 

brass tubing, I, 499-4 

cold-rolled bars, II, 147-4 

cupro-nickel, II, 282-2 

drill rod, n, 465-2 

drills, II, 472-2 

grindstones. III, 488-J 

gun-metal, HI, 488-3 

high-speed steel, IV, 4-3 

hose couplings, IV, 33-1 

lard oil, IV, 255-7 

manganese-bronze, IV, 318-4 

monel metal, IV, 429-4 

Muntz metal, IV, 485-2 

nickel steel, IV, 496-r 

nonferrous allo3rs, I, 67-3 

phosphor-bronze, V, 12-1 

rawUde lacing leather, I, 321-4 

solder, V, 387-2 

spelter solder, I, 503-3 

spring steel, V, 501-7 

steel casrings, 11, 30-4 

structural steel, VI, iii-x 

tool steel, VI, 301-7 

white metal, VI, 504-3 

wrought iron, VI, 557-4 
Nazos emery, II, 219-4; m, 56-3 

for lapping, IV, 166-4 
N. B. S. wire gage, I, 506-4 
N-conductor cable, V, 537-4 
Needle files, designating size, IV, 286-2 
Needle, magnetic, 11, 528-3 
Needle-point dividers, n, 403-2 
Needle valve, V, 45-1 

of oil engines. III, 287-4 

Whitmore thread for, VI, 268-3 
Negative electrolytic areas, m, 28-4 
Negative, enlarging, V, 18-4 
Negative feeders, uninsulated to prevent 
electrolysis, m, 32-2 

with and without boosters, to prevent 
electrolysis, m, 32-2 
Negative quantities in algebra, I, 61-4 
Negative trolley for preventing electrolysis, 

ni, 31-4 



Neodymium, IV, 487-3 

melting point, IV, 335-J 
Neon, IV, 487-3 

melting point, IV, 335-' 

vapor lamp, IV, 431-2 
Neo-ytterbium, VI, 563-r 
Nernst lamp, IV, 487-4 

when invented, n, 544-j 
"Nested" springs, V, 499-j 
Net ton, VI, 464-3 
Neutral axis, IV, 489-2 
Neutral plane, IV, 489-2 
Neutral surface, VI, 103-4 
Nevada silver, III, 412-2 
Newcomen engine, I, 150-j 
New JersQT, iron and steel industries, IV, 
84-2 

machine industry, IV, 270-3 
Newton's fusible metal. III, 268-2 
Newton's laws of motion, IV, 333-4 
New York, building code, columns, II, 169-4 

iron and steel industries, IV, 84-2 

machine industry, IV, 270-3 
New Zealand, life and cost of patents, IV, 

530-4 
Nichob and James process, n, 206-4 
Nichrome, IV, 489-3 
Nicked milling cutters, IV, 367-3; 370-7 
Nickel, IV, 489-J 

alloys, see "Nickel alloys" 

ball pyrometer, V, 219-2 

Benedict, U. S. Navy, I, 68-j 

black, plating, m, 44-3; 72-7 

blast furnace, IV, 490-2 

castings, manganese in, IV, 318-2 

deposited per ampere-hour, in, 42-3 

die-pressed castings, II, 359-2 

effect of temperature, VI, 125-3 

effect on iron and steel, II, 2x8-4 

effect on steel, IV, 491-4 

electrolytic refining, IV, 490-4 

hardness. III, 538-2 

heat expansion, m, 541-3 

impurity in copper refining, HI, 34-^ 

in cast iron, n, 33-2; IV, 497-4 

in pipe and tubes, table, VI, 338-3 

in steel, IV, 495-3 

melting point, IV, 335-2 

ore, smelting, IV, 490-7 

piping, strength, V, 26-2 

plate, polishing, V, 126-2 

plating, m, 44-2 

plating aluminum, I, 90-2 

plating die-castings, III, 48-3 

polishing, V, 126-3 

protective coating for iron and steel, II, 
214-7 

refining, IV, 490-2 

silver, see "Nickel-silver" 

specific gravity, V, 398-3 

specific heat, V, 401-4 

sted. see "Nickel steel" and "Nickel- 
chromium steel" 

U. S. Navy, I, 68-2 

weight per cubic inch, V, 398-3 
Nickel alloys, IV, 77-2 

constantan, 11, 185-2 

German silver. III, 412-7 

illium, rV, 45-4 

mvar, IV, 497-4 

nichrome, IV, 489-3 

nickel-bronze, grinding wheels for, m, 

485-4 
nickel-copper, 11, 282-7 
nickel-copper, electrolytic etching, IV, 

356-7 
platinite, IV, 497-4; V, 119-3 
Nickel-chromittiii steel, IV, 490-4 
annealing, IV, 492-4 
brief summary, I, 75-4; 76-2; 77-4 
broaching, I, 512-2 
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Nickd-chiomium steel, carburizing, IV, 

493-x 
casehardemng, II, 12-4; IV, 493-1 
caaehardeDing, suitable for, I, S2-1; U, 

3-4 

chromium, effect of, IV, 491-1 

composition, I, 7^2; 80-2; IV, 492-2 

cutting speed, IV, 493-4 

for drop-foigings, II, 47S-1 

beat-treatment, I, 79-j; 80-x; IV, 493-4 

machining, IV, 493-1 

manganese, effect of, IV, 492-1 

natural alloy, IV, 493-2 

natural alloy, application, IV, 495-1 

natural alloy, casehardening, IV, 494-4 

natural alloy, heat-treatment, IV, 494-j 

nickel, effect of, IV, 491-4 

nickel, percenftige of, IV, 492-r 

phosphorus, effect of, IV, 492-2 

strength and properties, I, 79-j; 80-r; 
VI, 99-1; 4x7-5 

sulphur, effect of, IV, 492-2 

tempering, IV, 493-1 

with vanadium, strength of, VI, 417-3 
Nickel-copper matte, refining, IV, 490-2 
Nickel-silver, m, 412-/ 

Argentan, I, 124-4 

balls, I, 225-4 

bismuth in, I, 372-2 

burnishing,.!, 523-1 

melting furnace, m, 225-1 
Nickel steel (see also "Nickel-chromium 

steel"). IV, 495- J 
brief summary, I, 75-2; 77-j 
carbon contents, IV, 497-j 
casehardening, I, 83-1; n, 12-5 
coefficient of heat expansion, m, 153-2 
composition, I, 78-4 
containing molybdenum, IV, 429-2 
cost, IV, 496-j 
Damaaciis, n, 303-j 
defects, IV, 496-4 
factor of saiety, VI, 98-2 
for armor plate, I, 126-5 
for drop forging, II, 478-1 
for gears, IV, 497-2 
forgmg, IV, 497-j 
for steam turbine blades, VI, 58-2 
heat-treatment, I, 78-5 
heat-treatment, effect of, IV, 496-j 
high-nickel, IV, 497-4 
in cast iron, IV, 497-4 
in superheaters, VI, 125-4 
invar, IV, 76-3 
rivets, IV, 496-j 
spark picture, IV, 83-j 
q)eclfications, IV, 496-j 
strength and properties, I, 7S-3; IV, 

496-1; VI, 99-1 
suitable for casehardening, I, 77-j; II, 

3-j; IV. 497-^ 

threading lubricant, IV, 253-5 

wire, drawing, VI, 513-1 
Nicking milling cutters, effect of, IV, 385-2 
Nick test, wrought iron, VI, 558-j 
Nicolson's experiments on friction and lubri- 
cation, 1, 315-4 
Nigrofiine paper for black-printing, I, 394-5 
Niobium, 11, 168-4 

melting point, IV, 335-«» 
Nippers, designating size, IV, 286-5 
Nipples, pipe, V, 40-4 

dose, V, 43-2 

short, V, 45-5 

shoulder, V, 45-5 

space, V, 45-5 

table of dimensions, V, 43-5 
Nite-Iite transformer, VI, 307-5 
Niter bluing process, n, 162-2 
Nitrate, ammonium, as a freezing mixture, 
ni, 2 14- J 



Nitrate, of potash for bluing iron and steel, 
IV, 498-1 

removing from boiler feed water, I, 405-'^ 

silver, etching reagent, IV, 355-/ 

silver, used to test acetylene gas, I, 22-4 
mtric ftdd, I, 24-1 

boiling point, I, 448-4 

effect on lead, IV, 194-1 

effect on zinc, VI, 563-5 

etching reagent, IV, 354-4 

etching reagent for steel, IV, 355-5 

for cleaning brass rasrings, V, 21-j 

for polishing dip, V, 127-7 

in boiler feed water, I, 396-4 

specific gravity, V, 398-4 

test for lubricating oils, IV, 247-1 
Nitric Qxkle, specific gravity, V, 399-' 
nitrogen, IV, 498-1 

in air, I, 27-4 

in fuds, n, 170-2 

in Moore tube, IV, 430-4 

in producer gas, III, 3x5-5 

in steel, VI, 291-j; 291-5 

melting point, IV, 335-2 

specific gravity, V, 399-2 

specific heat, V, 401-2 
Nitroglycerin, ignition temperatuie, IV, 

45-4 
Nitrosulphuric add, IV, 247-5 
Nitrous oxide, specific gravity, V, 399-' 
Noble composition, definition, I, 66-2 
Noble metal alloy, I, 66-2 
Nodulizing iron ore, IV, 86-5 
NoD-automatic circuit-breaker, VI, 160-5 
Non-automatic oil switches, VI, 171-J 
Non-caking coal, m, 2x8-5 
Nonconosive aluminum alloys, I, 72-5 
Nonoonosive soldering fluxes, V, 392-2 
Nonoorrosive sted, V, 523-4 
Non-detaching vidve-gear, VI, 13-5 
Nonferrous alloys, I, 66-2 

defects in, I, 66-2 
Nonferrous metals, coloring, n, 163-5 

etching reagents, IV, 353-J 

wire gage for, I, 520-2 
Non-inductive load, V, 529-2 
Non-oxidizing annraling furnace, HI, 223-5 
Nonrusting soldering fluxes, V, 39^-2 
Non-spinning rope, VI, 522-5 
Normal drcular pitch, HI, 325-'^ 
Normal diametral pitch, m, 325-' 
Nonnalized state of sted, II, y-i 
Nonnal pressure, IV, 332-2 
Norway iron, VI, 555-2 
Norway, life and cost of patents, IV, 530-4 
Norway pme, as fuel. III, 219-2 

holding power of screws, V, 328-5 
Nouel pyrometer, V, 218-1 
Nowel, IV, 4x2-4 
Nozzles, boflers, I, 429-4 

sand-blast, V, 310-5 

steam turbine, VI, 49-2 

water, shape and action of, Id, 454-' 
Numbering parts on drawings, II, 398-4 
Fnmbers, composite, HI, 94-2 

fifth powers of, II, 304-1 

powers of, by logarithms, IV, 242-5 

prime, m, 94-2 

roots of, m, 203-4 

square, cube, and power of. III, 203-2 
Nurling, see "Knurling" 
Nut, see "Nuts" 
Nut arbors, 1, 11 7-5 
Nut facers, horsepower, IV, 453-r 
Hvt forging, IV, 498-2 

dies and tools, IV, 500-2 

hot-forged machine, IV, 499-2 

hot-pressed center-feed machine, IV, 
498-2 

open-hearth steel for, IV, 50X-2 

producing "full" nuts, IV, 499-1 



Nut-foiging, stock used, IV, 501-j 
Nut-locks, IV, 222-2 
Nut machinery, horsepower , IV, 453-/ 
Nnts, I, 453-4; IV, 50X-2 

automobile, V, 327-4 

binding, for jigs, IV, X03-5 

carriage, II, 1-4 

castle, IV, 223-2 

check-, IV, 94-2 

check-, location on stud, II, 9X-5 

contact, for circuit-breakers, n, X18-4 

depth of thread in, VI, 200-2 

foiging, see "Nut foiging" 

hexagon check, 1, 454-2 

jam-, IV, 94-2 

lock-, or check-, IV, 222-2 

lubricant to prevent corrosion, II, 2x9-1 

materiak for, IV, 50X-2 

pipe fitting, V, 42-1; 43-4 

pipe, table, V, 43-5 

S. A. E. standard, V, 327-4 

speeds for tapping, VI, 202-4 

square thread tools for, VI, 240-7 

stock used for forging, IV, 501-r 

tapping machines for, VI, 199-z 

tapping on bolt cutters, I, 450-2 

tapping, taps for, IV, 267-1 

U. S. standard, I, 454-1 

weights of hot-pressed, I, 454-4 

Whitworth standard, 1, 455-1 
Nuttall stub gear teeth, VI, 1x3-2 

dedendum, H, 304-2 
Nut tappers, VI, X99-1 

horsepower, IV, 453-1 
Nut tappmg, speed for, VI, 202-4 
Nut taps, IV, 267-r 

tapper taps, VI, 193-5 

tempering, m, 519-5 
Nut unions, V, 41-2 
Nut wrenches, VI, 553-J 

Oak, as fuel, m, 219-2 

band saw q>eed for, I, 243-4 

coefficient of friction in brakes, 1, 480-5 

electrical insulation, IV, 62-4 

holding power of nails in, IV, 486-5 

holding power of screws in, V, 328-5 

holding power of spikes in, V, 453-1 

ignition temperature, IV, 45-4 

live, specific gravity, V, 399-r 

live, weight per cubic foot, V, 399-' 

red, spedfic gravity, V, 399-1 

red, weight per cubic foot, V, 399-' 

specific heat, V, 40X-4 

stroigth, VI, 97-2 

transmission line poles, VI, 316-4 

weight of cord, V, 40X-1 

weight per foot, V, 401-2 

white, spedfic gravity, V, 399-' 

white, weight per cubic foot, V, 399-' 
Oak-tanned bdts, advantages of, I, 337-' 

effect of weather on, 1, 339-' 
Oblique angle, IV, 336-4 
Oblique-angled txiangles, formulas, VI, 329 
Oblique projection, IV, 87-j 

compared with perspective, V, 9-4 
Obliquity, angle of, V, 517-4 
Obtuse angle, IV, 336-4 
Obtuse-angle bevd gearing,.!, 352-4 

calcuktions, I, 357-4 

formulas, I, 357-' 
Obtuse-angled triangle, IV, 337-4 

formulas for, IV, 338-' 
Obtuse triangle, IV, 337-4 
Ochre, n, 2x5-5 

molybdenum, IV, 429-' 
Octagon, V, 127-5 

mensuration, IV, 339-2 

moment of inertia, I, 266-5 

radius of gyration, I, 266-5 
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Octagon, section modulus, I, 266-5 
Octoid gear teeth, IV, 501-5 

bevel gears, I, 359-5 

spiral bevel gear, V, 473-4 
Oddside molding, m, 2x2-5 
Odontograph, IV, 501-4 

Grant's, III, 427-2 
Odontographic principle of cutting gear 
teeth, m, 3s^'4 

bevel gears. III, 348-4 
Oerlikon experiments, worm gearing, VI, 

5SO-5 
Oersted, 11, 529-5 
Offices, lighting required, n, 554-2 
Offset boring head (eccentric), n, 518-r 
Offset clamp, planer, V, 1x5-5 
Offset key, IV, 145-5 
Ohio grindstones, safe speed, m, 487-4 
Ohio, iron and steel industries, IV, 84-2 

machine industry, IV, 270-5 
Ohm, n, 532-4; IV, soi-4 
Ohmmeter, HI, 25-5 
Ohm's law, II, 532-4; IV, 501-4 
on, IV, 244-1 

binders for cores, 11, 209-2 

boiling point test, m, 298-1 

bone, IV, 486-4 

burners, see "Oil burners" 

burning point. III, 154-1 

cans, designating size, IV, 286-5 

circuit-breaker, VI, x66-2 

coefficient of friction. III, 216-2 

coefficient of heat radiation. III, 542-2 

cosmolubric, II, 2x9-1 

cottonseed, specific gravity, V, 398-4 

crude (see also "Oil, fuel"). HI, 297-j; 
V, 10-2 

crude, specific gravity, HI, 298-1 

Dippel's, IV, 486-4 

driers for paints, n, 216-4 

drsring, transformer operation, m, 10-5 

effect on concrete, m, 206-2 

electric insulating, IV, 67-1 

engines, see "Oil engines" 

extractors, IV, 503-5 

filter, magnetic, IV, 504-2 

finish, black, on iron and steel, n, 160-4 

fire point. III, 153-4 

fires, sawdust as an extinguisher, m, 

143-5 
fire test. III, 144-j; 154-'' 
firing point. III, 154-1 
flash point. III, 153-4 
forge for blacksmithing, m, 179-5 
for hardening steel balls, I, 235-2 
for oil switches, VI, x7i-r 
for quenching baths, m, 5^5-4 
for quenching gears, HI, 379-^ 
for quenching high-speed steel, IV, 3-1 
fuel, see "Oil, fuel" 
furnaces, see "Oil furnaces" 
grooves, I, 283-1 
grooving, I, 308-/ 
ignition temperature, IV, 45-4 
in boiler feed water, testing, 1, 400-7 
insulating, effect of temperature, IV, 61-4 
insulating value, IV, 61-4 
lard, for lapping, IV, 166-4 
lard, Navy specifications, IV, 255-1 
linseed, boUing point, I, 448-4 
linseed, specific gravity, V, 398-4 
linseed, spontaneous combustion, V, 480-1 
lubricating, see "Oil, lubricating" 
machine, for lapping, IV, 166-4 
machine, specific heat, V, 401-4 
mineral lard, IV, 255-j 
mineral, specific gravity, V, 398-4 
of vitriol (sulphuric add), I, 24-2 
of vitriol, pickling bath, V, 20-4 
olive, specific gravity, V, 398-4 
olive, specific heat, V, 401-4 



Oil, on files. III, 130-4 

palm, specific gravity, V, 398-4 

piping for drop-forging plants, II, 483-4 

pumps, designating sise, IV, 286-5 

rape, specific gravity, V, 398-4 

reservoir, electric substation, V, 148-5 

separating from chips and waste, IV, 503-5 

separator, IV, 503-5 

separator, for boiler feed water, I, 402-5 

spontaneous combustion, V, 480-2 

stones, see "Oilstones" 

storage, IV, 505-4 

switches, see "Oil switches" 

tanks for hardening rooms, 11, 482-4 

tanks, lifters, VI, 178-2 

tempering, hammer dies, IV, 517-5 

testing, for transformers, HI, xo-4 

topped, n, 372-4 

to prevent rust, II, 219-r 

troubles, transformer operation, HI, 10-5 

turpentine, boiling plant, I, 448-4 

turpentine, specific gravity, V, 398-4 

vapor in compressed air, removing, I, 
42-2 

varnish, VI, 436-2 

viscosity, IV, 245-r; 248-1 

whale, specific gravity, V, 398-4 
Oil-break switch, VI, 155-2 
Oil burners. III, 231-2 

for boilers, IV, 502-2 

jet, m, 231-2 

operation, m, 232-1 

pressure of air for. III, 527-r 
Oil-oooled series rectifiers, V, 249-2 
Ofl-cooled transformer, VI, 307-1 
Oildag, m, 438-5 
Ofl-duct drill, n, 451-4 
Ofled materials, insulating value, IV, 61-5 
Oil engines, m, 282-5; IV, 503-5 

bearings, HI, 285-4 

cams, in, 285-4 

camshafts, HI, 285-4 

carburetors. III, 286-4 

care of, m, 306-4 

cooling systems, m, 298-4 

cylinder, m, 285-2 

Diesel, n, 37^5; m, 284-5 

Diesel, starting, HI, 305-r 

flywheel, HI, 169-r 

flywheel, object of, HI, 160-5 

foundation. III, 30X-4 

four-stroke cyde, HI, 283-2 

frame, HI, 285-2 

fud consumption, m, 297-4 

fuels, m, 296-4 

fud testing, m, 298-1 

gasoline, starting in cold weather, m, 

305-5 
governing. III, 286-j 
heavy, and gasoline engines compared, 

m, 290-4 
horsepower, m, 295-4 
horsepower, rated, HI, 301-2 
ignition systems, HI, 289-4 
ignition troubles, HI, 303-r 
indicator card of Diesel, HI, 296-/ 
indicator card of Otto, HI, 295-2 
installation, HI, 301-5 
internal vaporizer. III, 291-2 
lubricants, HI, 300-5 
lubrication, HI, 300-1 
needle valves, Whitworth thread for, VI, 

268-5 
operating difficulties, HI, 306-J 
piston, HI, 285-2 
piston rings, V, 79-5 
power and speed, HI, 294-4 
prindpal parts, IH, 284-4 
selection, IH, 300-4 
starting, IH, 302-1 
starting, troubles that prevent, IH, 302-5 



Oil engines, stopping, HI, 306-5 
trouble chart, IH, 304-/ 
two-stroke cyde, HI, 284-2 
typical, HI, 292-4 
valves, IH, 285-5 
vaporizers, HI, 287-4 

Oilers, for gas and oil engines, HI, 300-7 
locomotive, designating size, IV, 286-5 

Oil, fuel, IH, 257-5 
advantages, V, 133-5 
advantages for drop-forging plant, H, 

483-2 
amount required for forges and hardening 

furnaces, H, 484-7 
atomizing, HI, 231-5 
characteristics of, HI, 219-4 
combustion chambers for, HI, 231-4 
consumption in ofl engines, IH, 297-4 
crude, for Diesd engines, H, 372-4 
crude, for oil engines, HI, 296-4 
distillation of, HI, 296-4 
firing, Koerting system, IV, 503-2 
for boilers, general requirements, IV, 

503-^ 

for forge shqps, HI, 184-4 

for furnaces, HI, 230-2 

for oil engines, HI, 297-2 

for power plants, V, 133-2 

petroleum, HI, 219-4 

petroleum, spedfic gravity, V, 398-4 

pressure of, for furnaces, HI, 526-4 

vaporizers for, HI, 287-4 
Oil famaces, HI, 256-4; 260-5 

for casehardening, H, 10-2; HI, 263-5 

for hardening, HI, 5x2-5 

liquid heating bath, HI, 261-5 

modem types, HI, 257-4 

prdieating air for, HI, 259-2 

pressure of air, I, 385-7 

pressure of oil, HI, 526-4 

sted foimdry, VI, 66-4 
OO-faardened and casehardened gears com- 
pared, HI, 376-2 
Oil-holes in twbt drills, drilling, II, 440-4 
"Oiliness" ol oils, IV, 245-r 
Oiling of shafting, safe, I, xo-2 
Oil, lubricating, IV, 244-7 

adds in, IV, 247-2 

add test, IV, 247-5 

adulterants, IV, 244-2 

animal, IV, 244-2 

ball bearing lubrication, I, 221-r; IV, 
246-2 

blended, IV, 245-2 

blown, IV, 244-2 

castor, IV, 244-2 

cold test, IV, 249-5 

consumption of oil engines, IH, 297-4 

cottonseed, IV, 244-2 

cylinder, sdection, IV, 250-7 

different kinds, effect on friction, IH, 

2 1 5-2 

distilled, IV, 245-7 

distribution for bearings, I, 281-2 

fixed, IV, 244-2 

flashing point, IV, 248-4 

for bearings, baths, I, 293-2 

for bearings in hot places, IV, 246-5 

for bearings, overheated, IV, 246-4 

for bicycle chiiin, IV, 246-2 

for compressor cylinders, I, 42-7 

for delicate machinery, IV, 246-2 

for driving chains, IV, 246^2 

for engine bearings, IV, 246-2 

for engine cylinders, IV, 246-5 

for gas engine cylinders, IV, 246-2 

for generators, IV, 246-2 

for heavy load and low speeds, IV, 245-4 

for high speeds, IV, 246-7 

for locomotive axles, IV, 246-5 

for locomotive cylinders, IV, 250-2 
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Ofl, lubricatiDg, for km temperatuxes, IV, 
asi-j 
for machine tools, IV, 246-1 
for marhinifig operations, IV, 253-1 
for moderate speeds, IV, 246-1 
for motors, IV, 246-2 
for pnemnatic hammers, IV, 246-a 
for shafting, IV, 246-r 
for textile maddneiy, IV, 246-2 
for turbine bearings, IV, 246-2 
for worm gearing, IV, 251-2 
gumming, IV, 245-j 
gumming test, IV, 247-j 
influence of, on friction in bearings, 1, 307-4 
lard, IV, 244-2 

lard, as cutting lubricant, IV, 254-4 
lard, as lubricant for drilling, n, 442-j 
lard, as lubricant for metal spinning, V, 

460-2 
linseed, as lubricant for wire rope, V, 

29^3 
mechanical test, IV, 247-3 
mineral, IV, 244-1 
natural, IV, 245-x 
neat's-foot, IV, 244-2 
olive, IV, 244-2 

paraffin, as lubricant for drilling, II, 442-2 
petroleum, IV, 244-j 
piping, V, 140-4 

pressure-carrying capacity, I, 308-1 
prevention of waste, in bearings, I, 294-2 
properties, IV, 245-/ 
rape, IV, 244-2 
reduced, IV, 245-1 
rosin, IV, 244-2 
setting point, IV, 249-j 
shale, IV, 244-1 
sperm, IV, 244-2 
supply for bttrmgs, I, 281-r 
. tanks, elevated, I, 286-4 
testing, I, 22X-2; IV, 246-4 
thickened, IV, 244-2 
vegetable, IV, 244-2 
viscometers for, IV, 248-2 
viscosity, IV, 245-r; 248-j 
Oil-pressure governor, water turbine, VI, 

4S3-4 
Oil-process for grinding wheels, m, 471-4; 

474-4 
Oil-proof cements, 11, 37-2 
Oil-proofing blueprints, I, 392-2 
Oil-sand cores, 11, 209-4 
Oilstones, IV, 504-j 

Arkansas, IV, 505-1 

artificial, IV, 505-2 

care of, IV, 505-2 

designating size, IV, 286-j 

Hindostan, IV, 505-j 

Turkey. IV, 505-1 

Washita, IV, 504-5 
Oil-switch control centering device, n, 42-2 
Oil twitches, VI, 166-2 

application, VI, 168-4 

automatic, VI, 171-5 

automatic tripping, relays, V, 249-2 

baffles, VI, 170-4 

bus-section, VI, 177-4 

care of, VI, 178-j 

classification, VI, 171-3 

contacts, types of, VI, 169-4 

feeder, VI, 177-i 

generator type, VI, 177-2 

heating, VI, 170-4 

high-voltage, VI, 167-j; 168-j 

industrial, VI, 171-4 

insulation, VI, 170-2 

location in power plant, V, 14 1-4 

low- voltage, VI, 166-2 

manhole, VI, 174-2 

methods of break, VI, 169-5 

mounting, VI, 173-2 



Ofl switches, non-automatic, VI, 171-5 

oil for, VI, 171-1 

oil tank lifters, VI, 178-2 

operating, VI, 174-2 

outdoor substations, VI, 120-2 

poles, VI, 169-2 

pole type, VI, 174-1 

remote-control, VI, 172-4 

rupturing capacity, VI, 171-2 

supply parts, VI, 178-2 

switchboard panel, VI, 167-1 

switchboard type, VI, 172-4 

testing trip coils, VI, 177-2 

throw, VI, 169-5 

tripping, VI, 175-J 
Oil-tube drill, n, 440-5 
Oil-well casing thread, IV, 506-2 
Ofl-well drilling rope, VI, 524-/ 
Oldham's coupling, II, 230-1 
Olive oil, IV, 244-2 

adulterated, IV, 244-5 

effect on friction. III, 215^2 

specific gravity, V, 398-4 

specific heat, V, 401-4 
Olivier skew bevd gears, V, 368-2 
Olivier spiraloids, V, 368-2 
One-wire system for measuring threads, VI, 

252-1 
Onionskin paper, n, 422-2 

electric insulation, IV, 66-2 
Open-arc drcuit-broidcers, 11, 11 5-4 
Open drill jigs, IV, X18-5 
Open electrical machine, V, 532-2 
Open-flame furnaces, m, 222-2 
Open-frame steam hanmiers. III, 502-2 
Open-hearth furnace, IV, 506-4 

for brass foundry, I, 491-4; 492-5 

for malleable castings, IV, 307-5 

fuels, IV, 507-5 

movable, VI, 68-2 

operation, IV, 507-4 
Open-hearth process, IV, 506-2 

add and basic processes compared, IV, 
508-2 

Bertrand-Thiel, IV, 508-5 

brief review, IV, 80-4 

continuous, IV, 508-2 

Duplex, IV, 508-5 

fuels, IV, 507-5 

furnace (see also "Open-hearth fomace")* 
IV, 506-4 

furnace operation, IV, 507-4 

Monell, IV, 508-2 

regenerative chambers, IV, 507-2 

steel foundry, VI, 68-r 
Open-hearth steel, IV, 508-5 

comparison of cost with Bessemer sted, 
IV, 80.5 

for metal spinning, V, 460-5 

for nuts, IV, 501-2 

for rivets, V, 269-2 

nitrogen in, VI, 291-5 

pipe for superheated steam, VI, 124-4 

pipe for Van Stone joints, V, 49-2 

pipe, physical properties, VI, 338-1 

soft basic, I, 76-4 
Open-jaw presses, IV, 36-4 
Open jigs, IV, 118-4; 126-r 
Open-phase relays, secondary, V, 255-1 

series, V, 252-4 
Open-sand castings, IV, 418-5 
Open-side milling machine, IV, 394-2 
Open-side planers, V, X04-1 

convertible, V, 104-2 

designating size, IV, 284-5 

extension planer, V, 104-2 

plate planer, V, 104-5 
Open-side shaper, V, 343-5; 3SO-4 
Open-slot winding, motor, IV, 462-4 
Operation of electrical machinery. III, i-r 

commutator motors, IV, 473-4 



Operation of dectrical machinery, con- 
verters, synchronous. III, 11-4 
generators. A, C, HI, 4-5 
generators, D. C, in, i-i; 3-4 
motors, D. C, IH, i-x; 3-5 
motors, induction. III, 7-4; IV, 471-r 
motors, synchronous, lU, 6-2 
transformers, m, 9-1 

Operator's cage, for cranes, I, ix-4 

Optical pyrometers, V, 218-1; 2x9-2 

Orange chrome yellow, II, 215-5 

Orange colors on brass, II, 165-/ 

Orange mineral, n, 2x5-5 

Orange, Osage, for transmission line poles, 

VI, 316-4 
Ordering materials, V, 167-4 
Orders^ handling in shop, V, 166-2 
Ordinate, I, 5-4 

mean, engine diagrams, VI, 3-3 
Ore, IV, 84-5 

iron, see "Ore, iron" 

lead, IV, X94-I 

mercury, cinnabar, II, 115-r 

nickd, smelting, IV, 490-j 

smelting fluxes. III, 159-4 

tungsten, VI, 343-4 

zinc, VI, 563-4 

zinc-lead, IV, 195-1 
Ore, Iron, IV, 84-5 

benefidation, IV, 86-j 

Bessemer, IV, 85-4 

classification, IV, 84-4 

determining amount of iron in, IV, 85-5 

impurities, IV, 85-5 

resources of the world, IV, 84-2 
Orford process, IV, 490-5 
Organic chemistry, definition, II, 92-5 
Organization of productive departments, 

V, 165-5 

Orifice method for testing air compressors, 

1.48-2 
Origin of coordinates, I, 5-4 
Ornamental designs, engraving machines 

for, m, 58-4 
Ornamental surfaces, scraping, V, 320-5 
"Ornament" brass pipe, number of threads 

on, in, 307-5 
Orthodase, hardness, HI, 527-1 
Orthographic projection, 11, 422-4; IV, 86-4 
Osage orange for transmission line poles, 

VI, 316-4 
Oscillating current, 11, 536-2 
Oscillating eccentric relieving attachment, 

V, 260-2 
Osdllating milling machine, IV, 400-5 
Oscillating surface grinder, ni, 440-2 
Oscillation, angle of, pendulum, V, 2-5 

center of, IV, 508-4 

center of, pendulum, V, 2-2 

radius of, IV, 508-4 
Osdllographs, m, 26-2; IV, 508^ 
Osmiridium, IV,. 509-1 
Osmium, IV, 509-1 

alloy, iridosmium, IV, 78-2 

lamp, n, 545-5 

melting point, IV, 335-2 
Osmondite, IV, 352-5 
Osmond theory of critical points, IV, 78-4 
Ostwald calorie, IV, 509-j 
Otto cyde, m, 283-2 

indicator card of. III, 295-2 

in Diesel engines, II, 37X-/ 
Otto gas engine, IH, 283-r 

comparison with Diesel, 11, 374-4 
Ounce, VI, 464-5 

British fluid, VI, 464-5 

in metric units, VI, 465-4 

per square inch compared with other 
methods of measuring pressiure, V, 164-5 

U. S. fluid, VI, 464-i 
Ounce-metal, I, 71-2 
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Outdoor diaoonnecting switches, VI, 159-J 
Outdoor substations, V, 149-1; VI, 119-2 

switch houses, VI, 120-4 

transfonners, VI, 120-1 

tyixcal equipment, VI, 121-2 
Outerbridge experiments on growth of cast 

iron, II, 34-2 
Outside center-packed pump, V, 192-/ 
Outside end-packed pump, V, 192-1 
Outside kip, engine, VI, 37S-4; 387-J 
Outside-podked plunger pump, V, 19 1-4 
Oval chucks, designating size, IV, 285-4 
Oval fillister-head machine screws, V, 325-a 
Oval gears, IH, 50-z 
Oval-head machine screws, V, 325-j 
Oval-head wood-screws, V, 328-4 
Oval, moment of inertia, I, 267-1 

radius of gyration, I, 267-1 

section modulus, I, 267-j 
Oval-point set-screws,'V, 326-3 
Oval turning and boring. III, S4-4 
Ovens, core, n, 2ix-j; III, 229-j 

enameling, III, 228-4 

japanning, III, 228-4; IV, 95-4 
Oven-type electric furnace. III, 253-2 
Over-compounded D. C. generator, m, 

399-^ 
Over-cut, in file making, m, 120-4 
Over-feed stokers, VI, 77-j; 77-4 
Over-fired furnace, in, 221-4; 257-2 
Overhead traveUng cranes, n, 233-1; 
242-j 

application, 11, 242-j 

axle friction, n, 245-2 

axles, n, 247-2 

barrels, 11, 248-4 

brakes, U, 249-2 

chain, II, 248-2 

clearance space, n, 246-1 

crab framing, II, 246-2 

cross-shafting, II, 254-j 

description, n, 233-1 

design, n, 243-3 

e£5ciency, 11, 244-4 

end carriages, II, ^52-4 

gearing, n, 256-1 

girders, II, 257-4 

hoisting rope, 11, 247-4 

horsepower of motors, 11, 244-j 

location of drum gear, 11, 254-4 

location of electrical accessories, n, 354-4 

lubrication, II, 254-4 

motor arrangement, 11, 254-2 

motors, number of, II, 243-4 

operating speeds, II, 244-j 

platform brackets, n, 254-2 

platforms, n, 253-4 

running wheels, n, 246-4 

safety stop, n, 254-4 

shafts and bearings, n, 251-4 

trolley framing, n, 246-2 

trolley t3rpes, II, 246-3 

types, n, 243-1 

wheel axles and bearings, 11, 253-4 

wheel friction, 11, 245-2 

wheels, II, 253-3 
Overheated bearings, lubrication, IV, 246-4 
Overheated steel, IH, 5x9-2 
Overhung slot winding, motor, IV, 462-4 
Overload relays, V, 249-4; 251-4 

inverse time-limit, V, 254-1 

secondary, A. C, V, 253-r 
Overload trip, for circuit-breakers, n, 116-4 

secondary, oil switches, VI, 176-2 

series, oil switches, VI, 175-4 
Overshot water-wheel, VI, 447-2; 452-2 
Over-voltage relays, V, 250-2; 255-4 
Over-winding protection in mine hoists, IV, 

Owners of patent, joint, IV, 529-2 
Oxaluma, I, 5-/ 



Oxidation, II, 98-/ 

in brass foundry, I, 495-3 

of molten babbitt, preventing, I, 200-3 

preventing by calorizing, I, 530-j 
Oxide, aluminum (corundum), n, 2x9-3 

coatings for protecting iron and steel, U, 

213-3 
chromium, n, 2x5-1 

cuprous, as an impurity in copper refining, 

in. 34-^ 

magnetic, IV, 84-4 

mercuric, IV, 347-J 

mercuiy, red, IV, 347-J 

anc, n, 2x6-3; VI, 563-4 
Oxidizing agent, 11, 98-1 
Oxidizing finishes, II, 167-4 
Oxy-aoetylene flame, IV, 509-1 

casehaidening by, VI, 482-4 

for cutting metals, VI, 481-2 

for cutting, oxygraph, IV, 513-2 

for welding, see "Oxy-acetylene weld- 
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local hardening by, VI, 482-4 
Ozy-scetylene welding, VI, 472-2 
acetylene, 1, 18-4; VI, 474-4 
aluminum castings, VI, 479-4 
aluminum, sheet, VI, 479-3 
aluminum-zinc alloys, VI, 480-3 
apparatus, VI, 474-4 
applications, VI, 472-3 
beveling work, VI, 475-3 
blow-holes, filling, in brass and copper, 

VI, 479-3 
boiler repairs, VI, 477-3 
brass, welding, VI, 479-2 
bronze, welding, VI, 479-2 
cast iron to steel, VI, 478-7 
cast iron, welding, VI, 478-j 
copper alloys, welding, VI, 479-1 
copper to steel, VI, 479-1 
copper, welding, VI, 478-4 
cylindrical vessels, tops and bottoms, VI, 

480-4 
equipment, VI, 472-4 
galvanized plates, VI, 477-3 
high-speed steel to machine steel, VI, 

477-4 
lead, welding, IV, 195-3 
machine for pipe, VI, 339-2 
malleable iron, welding, VI, 478-4 
metal cutting, VI, 48X-2 
oxygen, IV, 509-^; VI, 474-4 
preheating, VI, 47S-4 
preparing work, VI, 47S-3 
sheet-metal vessels, VI, 480-4 
sheet steel, welding, VI, 477-2 
spots in welding, VI, 478-J 
steel castings, VI, 477-2 
steel, welding, VI, 476-4 
tanks and retorts, VI, 480-4 
tin plate, VI, 477-4 
tool steel, VI, 477-4 
torch adjustment, VI, 476-2 
torches, VI, 473-J 
tube wddiiig, VI, 338-2 
welding, directions for, VI, 476-2 
welding materials, VI, 476-j 
Oxygen, IV, 509-2 
absorption of, in water, III, 307-2 
allotropic, IV, 5 13- J 
electrolytic, plant, IV, 51 1-4 
electrolytic process, IV, 509-4; 51 1-2 
in air, I, 27-4 
in earth's crust, 11, 93-1 
in fuels, 11, 170-1 
in producer gas, m, 315-3 
in steel, VI, 29X-J 
in water, I, 396-3 

liquid-air process, IV, 509-3; 5X0-J 
melting point, IV, 335-^ 
ozone, IV, 5 13- J 



Oxygen, potassium-chlorate process, TV, 

509-4; 5x2-4 

specific gravity, V, 399-2 

sped&c heat, V, 401-2 
Oxygraph, IV, 513-2 
Oxy-hydrogen flame, IV, 5x3-3 

for cutting metals, VI, 48X-2 

for welding, VI, 475-2 

in Schoop process, V, 316-4 
Ozonators, IV, 5x3-4 
Ozone, IV, 5x3- J 
Ozonizers, IV, 5x3-4 

a adfic hose thread, IV, 32-2 
Packfong, m, 4x2-2 
Pftck-hardening, IV, 5X4-J 

cooling baths, IV, 516-4 

dies, n, 341-^ 

dies, cooling, IV, 5x6-3 

dies, heating, IV, 5x6-2 

dies, packing, IV, 5x6-j 

dies, preventing scale on, IV, 518-a 

furnaces for heating, IV, 5x5-4 

gages, IV, 514-4 

hammer dies, IV, 515-3 

heating for, IV, 5x4-3 

method of packing, IV, 514-2 

parking materials, IV, 514-2 

punches, IL 342-j 

summary, IV, 5x8-j 

tempering, IV, 5x7-3 
Packing cases for export, IV, 520-j 
Packing, engine or pump, IV, 5x8-2 

hydraulic jack, cylinder, IV, 93-j 

hydraulic jack, leaky, IV, 92-3 

hydraulic jack, ram, IV, 93-j 

hydraulic presses, IV, 43-3 

jack plungers, IV, 91-3 

metallic, IV, 238-3 

parking metal, for valves, I, 70-2 

piston-rod, VI, 2X-3 

rings, piston, see "Packing rings, piston " 
Packing, for casehardening, n, 8-2 

boxes, II, 4-2 

parking materials, n, 4-3 

parking materials for pack-hardening, IV, 

514-^ 
sand, for local casehardening, n, 9-2 

Packing machinery for export, IV, 5x8-3 
Packing rings, piston, V, 79-3; VI, 22-j 

castings, individual, V, 89-3 

castings, pot, V, 89-2 

cast-iron, V, 80-4 

clearance between ring ends, V, 83-4 

concentric, V, 79-3 

cutting-off tool for, V, 90-3 

dimenaons, V, 82-j 

eccentric, V, 79-3 

eccentric faceplate for, V, 90-J 

Ford plant method, V, 89-3 

grinding, V, 83-3; 85-^ 

hardness, V, 8x-j 

joints, V, 80-j 

joints, position, V, 80-4 

limits, V, 83-4 

materials for, V, 80-4 

peening, V, 86-4 

peening machine, V, 87-2 

pimiing, V, 80-3 

Ramsbottom, V, 8x-j 

size before splitting, V, 83-4 

splitting, V, 84-2 

steel, V, 8x-j 

Swedish iron, V, 81-3 

testing, V, 85-j 

thickness and width, V, 81-3 

turning, V, 82-2 

turning, finish, V, 86-j 

turning machine, automatic, V, 82^ 

types, special, V, 90-4 
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Packing rings, pistoup unbored, V, 86-j 
Packing steel bkils, I, 240-4 
Packing work for sliorardi^ng, V, 365-7 
Pails, fastening ears in, V, 154-1 

fire, for factory use, III, 143-j 
Paint, driers for, n, 216-4 

effect of several coats on steel work, n, 
218-3 

electric inmiUting, IV, 67-j 

fireproof, IV, 521-4 

for protecting iron and steel, n, 214-2 

indicating temperature, 11, 526-4 

mixing, II, 216-5 

that intercepts heat rays (acalorin), 1, 6-4 
Palnttng, as a finish on metal surfaces, 
m, 136-4 

machinery for photographing, V, 13-j 

machine tools, IV, 521-4 

pipes to prevent dectrolsrsis, HI, 30-1 

rust prevention by, II, 217-2 

steel poles, VI, 320-4 
Palladium, IV, 522-5 

alloy, porpezite, IV, 522-j 

melting point, IV, 335-^ 

plating, m, 47-4 
Palmer micrometer, IV, 362-5 
Palm-oil process, VI, 289-2 
Palm oil, specific gravity, V, 398-4 
Panel planer, in pattemmaking, IV, 535-2 
Panels, switchboard, arrangement of, VI, 
144-4 

equipment on, VI, 144-4 

size of, VI, 142-2 
Pans, drainage, on machine tools, IV, 264-r 

for holding work in annealing furnaces, 
m, 223-2 
Pantograph engraving machine, m, 59-1 
Pantograph graduating machine, HI, 421-5 
Pantograph-type expanding pulley variable- 
speed mechanism, VI, 427-4 
Paper, II, 420-4 

abrasive, I, 2-1 

asbestos, IV, 65-4 

asbestos, heat insulating value, m, 542-4 

blue- and black-printing, I, 394-5 

bristol board, II, 421-4 

calender rolls, speed for turning, V, 433-4 

coefficient of friction, in, 21 7-1 

cross-section, n, 422-1 

cross-section, compared with logarithmic, 
IV, 239-4 

dinking die for cutting, II, 382-4 

disks, friction, m, 217-2 

drawing, n, 404-2; 420-4 

drawing, mounted, II, 421-5 

drawing, Unidraft fabric, VI, 374-2 

drill for, n, 442-2 

eggshell, n, 421-5 

electric insulating, FV, 66-1 

electric insulating value, IV, 61-5 

gasket material, HE, 308-1 

gears, V, 513-4 

heat insulating value, m, 542-5 

knives, steel for, II, 274-2 

linen ledger, II, 421-4 

logarithmic, IV, 239-2 

logarithmic cross-section, II, 422-2 

Manila, n, 421-2 

micabond, IV, 358-1 

micanite, IV, 358-1 

parchment, II, 422-5 

polishing wheels, V, 124-4 

profile, n, 422-j 

pulp, fitholite, IV, 21 1-2 

quire and ream, VI, 465-j 

tracing, II, 422-2 
Papers for engineering societies, prqwring, 

1, 126-4 
Pappus rule, IV, 345-4 
Parabola, IV, 522-5 

oeoter of gravity, m, 430- 1 



Parabola, equation for, I, 93-5 

geometrical construction. III, 41 1-4 

mensuration, IV, 341-x 

path of projectile, HI, 102-r 

segment, IV, 341-2 
Paraboloid, IV, 522-4 

center of gravity. III, 431-2 

mensuration, IV, 345-2 

moment of inertia, IV, 58-4 

relation of volume to other solids, IV, 

345-J 

segment, IV, 345-^ 
Paraffin, in cylinder oil, IV, 250-1 

latent heat, IV, 169-r 

motors, IV, 522-4 

oil, as a lubricant for drilling, 11, 442-2 

oil, as a lubricant for fluting, IV, 253-4 

wax, IV, 244-5 
Parallel-connected primary batteries, I, 

253-^ 
Parallel-connected storage batteries, I, 

253-4 

Parallelepiped, IV, 522-4 

Parallelepipedon, IV, 522-4 

ParaUeling synchronous motor-driven fre- 
quency changers, IV, 461-4 

Parallel-line method of development, V, 

356-4 
Parallel lines, definition, IV, 336-2 
Parallelogram, IV, 522-4 

center of gravity, III, 429-1 

geometrical properties. III, 408-4 

mensuration, IV, 33^J 

of forces. III, i73--* 
Parallel operation, A. C. generators, m, 

393-4 
centrifugal pumps, V, 202-4 

converters. III, 12-5 

D. C. generators, HI, 403-4 

transformers, HE, 11-5; VI, 309-4 
Parallel planer drive, V, 97-5 
Parallel rods, locomotive, IV, 233-4 
Parallel strips, planer, V, 1x6-4 
Parallel surfaces, gage for, III, 271-2 
Parallel winding, D. C. motor, IV, 475-2 
Paramagnetic substance, IV, 523-r 
Parameter of parabola, IV, 341-^^ 
Parchment paper, II, 422-5 

insulating value, IV, 61-4 
Parentheses, in formulas, III, 202-4 

in algebra, I, 62-2 
Paris wire gage, VI, 507-2 
Parkes process, IV, 195-2 
Parsons steam turbine, VI, 51-1 

Allis-Chalmers, VI, 51-4 

Westinghouse, VI, 54-5 
Parsons white brass, I, 494-r 
Parted patterns, IV, 532-2 
Parting print, pattern, IV, 542-2 
Parting sand, IV, 41 1-4 
Partings in molds, IV, 421-1 
Parting tools, lathe, IV, 181-1 

planer, V, 114-1 
Partridge slide-rule, V, 374-1 
Partz cell, I, 250-1 
Pascal's law, IV, 34-2 
Passes, rolling mill, V, 283-2 
Passow cement, II, 36-5 
Paste binders for cores, II, 209-2 
Pasted mica, IV, 63-1 
Paste, heat indicating, V, 218-4 
Paste, pyrometer, V, 218-4 
Paste, silver, m, 134-4 
Paste, sobering, V, 388-4 
Pasting cores, II, 210-1 
Patch-bolt taps, IV, 523-^ 
Patching drawings, n, 400-4 
Patentable inventions, IV, 523-4 
Patented articles, marking, IV, 529-4 
"Patented" steel, VI, 63-r 
Patent office procedure, IV, 526-j 



Patents, IV, 5>3-^ 

applications for, IV, 525-2 

British, copies of, IV, 530-2 

compulsory working, IV, 530-2 

cost of, in different countries, IV, 530-4 

drawings, bristol board for, II, 421-4 

employe's rights, IV, 529-2 

fees, IV, 525-4 

foreign, IV, 530-J 

German, copies of, IV, 530-2 

infringement, IV, 527-1 

infringement, contributory, FV, 527-2 

interference, IV, 526-2 

joint inventors, IV, 529-j 

joint owners, IV, 529-2 

life of, in different countries, IV, 530-4 

marking patented articles, IV, 529-4 

patentable inventions, IV, 523-4 

patent office procedure, IV, 526-r 

principle, IV, 523-5 

rights granted, IV, 526-4 

rights granted, limitations, IV, 527-4 

term of, IV, 525-1 

validity, IV, 528-5 
Pattern drafting, sheet metal, V, 356-2 

bending allowances, V, 361-j 

conical method for spheres, V, 360-4 

developing cone frustum, V, 359-5 

developing spheres, V, 360-j 

gore method for spheres, V, 360-2 

intersections of cones, V, 357-4 

intersections of cylinders, V, 357-^ 

intersections of pyramids, V, 358-r 

parallel line method, V, 356-4 

radial line method, V, 357-5 

triangulation, V, 358-5 
Pattern-drawing molding press, IV, 424-4 
Pattern glue, III, 419-1 
Pattern letters, IV, 539-' 

alloy for, I, 372-1 
Pattemmaking, IV, 531-2 

battens, IV, 543-4 

boxed work, IV, 544-j 

checking patterns, IV, 550-4 

core boards, IV, 549-J 

core-boxes, IV, 541-1 

core prints, IV, 54i-4 

corner blodLS, IV, 543-4 

dowel-plates, IV, 538-J 

dowels, IV, 538-1 

draft, IV, 539-i 

fiUets, IV, 537-J 

finish allowance, IV, 539-4 

finishing patterns, IV, 549-5 

flanged work, IV, 547-'? 

follow-boards, IV, 546-2 

framed work, IV, 546-5 

gated patterns, IV, 549-5 

glue, m, 419-1; rV, 537-' 

hardwood comers, IV, 548-x 

holding loose pieces, IV, 547-4 

joints used, IV, 543-' 

lagged work, IV, 545-5 

laying out, IV, 539-1 

machines used, FV, 535-' 

marking patterns, IV, 551-5 

match boiards, IV, 549-2 

materials, IV, 536-j 

metal patterns, IV, 550-r 

nails and screws, IV, 536-4 

plaster-of-paris patterns, IV, 551-' 

rapping and lifting devices, IV, 538-1 

segment work, FV, 545-' 

shellac, IV, 538-4 

shrinkage allowance, IV, 540-' 

stave work, IV, 545-5 

stepped work, IV, 544-2 

stopping off, IV, 54&-J 

sweeps, IV, 548-j 

templets, IV, 539-2 

tools, IV, 535-1 
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Pfcttemmaking, tools, oilstone for shaipen- 
ing. IV, 50S-1 

varnish, IV, 538-4 

varnishing patterns, IV, 549-4 

woods, IV, 536-1 
Pattemi, IV, 531-2 

aluminum, IV, 550-a 

appraisal of, 1, 105-2 

brass, IV, 550-2 

built on foUow-boards, IV, 546-a 

cast-iron, IV, 550-2 

checking, IV, 550-4 

construction, IV, 543-J 

cor^-boxes, IV, 541-J 

core prints, IV, 541-4 

dowel-plates, IV, 538-1 

dowels, IV, 538-1 

draft for, IV, 539-j 

estimating cost, II, aso-a 

fiUets, IV, 537-5 

finish allowance, IV, 539-4 

finishing, IV, 549-j 

for engraving machines, HI, 6x-j 

for manganese steel castings, IV, 323-5 

gated, IV, 549-5 

glue for, ni, 419-'; IV. SS7'i 

having loose pieces, IV, 534-2 

laying out, IV, 539-1 

letters, IV, 539-' 

letters, alloy for, I, 372-1 

marking, IV, 551-5 

materials, IV, 536-j 

metal, IV, 550-1 

metal, finishing, IV, 550-2 

method of ordering, V, 169-2 

molding without, IV, 4x8-4; 548-1 

nails and screws for, IV, 536-4 

one-piece, IV, ssi'3 

on match boards, IV, 549-2 

parted, IV, 532-2 

plaster-of-paris, IV, 551-1; V, 1x9-1 

rapping and lifting devices, IV, 538-2 

rubber, IV, 550-2 

sectional, IV, 533-5 

shell, IV, 534-4 

shellac for, IV, 538-4 

shrinkage allowance, IV, 540-j 

skeleton, IV, 533-4 

solid, IV, 531-5 

^t, IV, 532-2 

steel foundry practice, VI, 69-2 

storing, IV, 55 1- J 

templets, IV, 539-2 

three-part, IV, 532-4 

two-part, rV, 532-2 

types, IV, 531-2 

varnish, IV, 538-4; VI, 436-2 

varnishing, IV, 549-4 

weight of casting from, IV, 550-4 

white metal, IV, 550-2 

with loose copes, IV, 533-2 

with projections "cored on," IV, 534-5 

woods for, IV, 536-1 
Pattern varnish, IV, 538-4; VI, 436-2 
Pattinson process, IV, 195-J 
Pawls, for crane brakes, II, 251-j 

ratchet, V, 232-3 

ratchet, for brakes, I, 488-2 
Peabody's calorimeter, I, 530-j 
Peak factor, V, 529-j 
Pearlite, IV. 79-7; V, i-i 

in casiehardening, n, 7-2 

in metallography, IV, 350-j 
Pearl, wheels for grinding, II, 274-2 
Pear wood, specific gravity, V, 399-1 

weight per cubic foot, V, 399-j 
Peat, m, 219-j; V, 1-2 
Peaucellier motion, V, i-j 
Peck, equivalents, VI, 464-2 
Peck lift, n, 500-2 
Pedestal shoes, kxxmiotive, IV, 232-2 



Peened and screwed pipe joints, V, 47-2 
Peened and shrunk pipe joints, V, 47-4 
Peening, V, 2-x 

distortion of planer table by, V, 109-2 

machine, pbton-ring, V, 87-2 

piston rings, V, 86-4 

shaft straightening by, V, 340-4 
Peerless piston ring, V, 91-2 
Peiton-Doble bucket, VI, 449-2 
Pelton water-wheel, VI, 447-5 

construction, VI, 452-2 

oil-pressure governor, VI, 453-4 

ruxmer, VI, 449-2 
Peluze type-casting machine, 11, 315-4 
Pencils for drawings, n, 404-r 

for drawings to be traced, VI, 301-4 
Pendulttm, V, 2-2 

compound, V, 3-1 

conical, V, 3-2 

simple, V, 2-4 

vibrating seconds, V, 2-4 
Pennsylvania, iron and steel industries, IV, 
84-2 

machine industry, IV, 270-j 
Pennsylvania R. R., caaehardening prac- 
tice, II, 14-1 

heat-treatment of steel castings, VI, 71-J 
Permyweight, VI, 464-j 
Pens, drawing, 11, 403-4 
Pensky-Martens flash point test, IV, 249-1 
Pentagon, V, 127-5 
Percentage, V, 3-4 

of carbon in steel tools, I, 557-5 
"Per-cent drop," electrical, V, 530-2 
Perch of masonry, VI, 464-1 
Percussion, center of, IV, 334-5 
Percussion press for die pressing, II, 360-4 
Percussion welding, electric, VI, 484-j; 

496-4 
Perfect gas, m, 307-1 
Perforating dies, 11, 365-2; V, 4-x 

for cylindrical work, V, 4-2 

for helical work, V, 7-4 

for irregular shapes, V, 5-4 

for tapered work, V, 5-4 

punch for, V, 7-2 

rotating perforated shell, V, 6-2 

stripper, V, 7-4 
Perforating presses, V, 154-4 

inclinable press, V, 150-j 
Perimeter, of ellipse, IV, 340-5 

of parallelogram, center of gravity, m, 
429-j 

of triangle, center of gravity, m, 429-1 
Period, electrical, V, 528-4 
Periodic law in chemistry, II, 97-2 
Peripheral cams, I, 531-2 
Periphery of circle, IV, 339-5 
Permanent gases. III, 307-j 
Permanent magnet, IV, 303-4 

electric measuring instrument, m, 16-2 

voltmeters. III, 20-2 
Permanent molds for castings, 11, 20-4; 21-2 

brief description, III, 213-j 

life of, n, 21-4 

material for, n, 21-j 

operating, 11, 22-1 

types, n, 25-2 
Permanganic add, spontaneous oombus-- 

tion, V, 480-3 
Permeability, V, 8-2 

magnetic, n, 529-j; 530-j 

measuring by permeameter, V, 8-2 

symbol, V, 529-5 
Permeameter, V, 8-2 
Permissible tolerance, IV, 210-4 
Perpendicular line, IV, 336-4 

to draw, HI, 410-r 
Perpetual motion, IV, 331-2 
Perry's experiments on windmills, VI, 505-4 
Perry windmill, VI, 505-5 



Perspective drawing, V, 8-5 
compared with oblique projection, V, 

9-4 
Persulphate, ammonium, etching reagent, 

IV, 353-4 
Petroleum, IV, 244-5; V, lo-i 

as fuel, in, 219-4 

as quenching bath, m, 515-4 

Ignition temperature, IV, 45-4 

naphtha, IV, 486-4 

oil, sptd&c gravity, V, 398-4 

zinc tubes for, V, 26-5 
Pewter, V, 10-2 

composition, I, 70-1 

flux for soldering, V, 387-4 

solder for, V, 387-4 
Phantom photographs, V, 19-1 
Phase, V, xo-2; 529-1 | 

advancers, V, 10-5 

alternating-current, II, 537-4 

angle, A. C, II, 537-4 

balancer, IV, 460-2 

converter, V, 11-5 

converter, rotary, V, 531-4 

difference, V, 529-j 

difference, equivalent, V, 530-1 

displacement, symbol, V, 529-4 

modifier, V, lo-j 

of converters, II, 192-2 

of induction motors, IV, 464-2 

single, two-, three-, etc., V, 530-z 
Phase^wound rotor, IV, 463-j; 467-1 
Phasing-out, A. C. generator. III, 395-r 
Philadelphia carriage-bolt screw threads, 

11,2-/ 

Phlogopite mica, IV, 63-1; 358-j 

Phono-electric wire, VI, 510-j 

Phosphate, ammonium, soldering flux, V, 

391-4 
Phosphor-bronze, I, 67-4; 72-1; V, 
12-1 

for brass foundry, I, 494-5 

gears, V, 512-j 

herringbone gears, HI, 549-5 

herringbone gears, horsepower trans- 
mitted, m, 552-1 

modulus of elasticity, V, 493-5 

rolled, I, 494-2 

shafts, torsional stiffness, V, 333-4 

silver finish on, m, 134-5 

springs, composition, V, 500-1 

strength, VI, 97-1 

strength, for gears, V, 508- 1 

tapping, torque required, VI, 202-r 

worm gearing, VI, 552-1 
Phosphor-copper, for brass foundry, 1, 494-4 
Phosphoric acid, specific gravity, V, 398-4 
Phosphorizer, V, 12-2 
Phosphor-tin for brass foundry, I, 494-4 
Phosphorus, V, 12-j 

bronze, see "Phosphor-bronze" 

effect on phosphor-bronze, V, 500-2 

effect on steel, IV, 492-2 

for brass foundry, I, 494-4 

ignition temperature, IV, 45-4 

in acetylene gas, I, 23- 1 

in cast iron, II, 33-1 

in cast iron for flywheels, HI, 163-r 

in cast iron, percentage, n, 33-5 

in high-speed steel, percentage, IV, 4-4 

in iron ore, IV, 85-4 

in malleable castings, IV, 306-5 

in manganese steel, IV, 320-4 

in nickd-chromxum steel, percentage, IV, 
492-r 

in pig iron, V, 22-j 

in pipe and tubes, table, VI, 338-5 

in rivet steel, V* 269-j 

in screw stodL, V, 329-1 

in solder, V, 387-r 

in steel for caaehardening, n, 3-4 
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Phosphorus, in structural sted, VI, iii-2 

in thermit steel, VI, 503-j 

in tool steel, VI, 301-z 

in wrought iron, VI, 555-5 

latent heat, IV, 169-1 

melting point, IV, S3S-^ 

removing in dectric furnace, III, 246-J 

specific gravity, V, 400-j 

specific heat, V, 401-4 

weight per cubic foot, V, 400-1 
Photographs, of blueprints, I, 394-j 

of magnified sted surfaces, IV, 351-1 

phantom, V, 19-J 

radium, V, 33 x-;? 

X-ray, in metallurgy, VI, 562-1 
Photography, industrial, V, 12-4 

camera, V, 12-4 

copying, V, 18-4 

daxk-room, V, 17-J 

devdoping, V, 17-1 

enlarging negatives, V, 18-4 

exposure, V, is-3 

fi]dng, V, x8-^ 

flash-light, V, i6-j 

focus, V, 14-5 

halation, V, 13-2 

lens, V, 13-1 

lighting, V, 14-/ 

micro-, IV, 349-4 

phantom views, V, 19-j 

plates, V, 13-2 

printing, V, i8-j 

stop, V, 15-2 
Photography, micro-, IV, 349-4 
Photometric pyrometer, V, aift-i 
Photomicrographs of casehardened sted, 

II. 7-4 
Photostat, V, 19-2 
Physical constants in Bureau of Standards' 

work, V, 538-4 
Physical tests of electric insulation, IV, 60-/ 
Pi (it), V, 19-J 

as an angular measurement, V, 231-j 
Piano wire, IV, 485-5 

for wire forming, VI, 517-5 

strength, VI, 97-1 

winding springs from, V, 486-1 
Picking-in, molding, IV, 534-2 
Picking iron ore, IV, 86-2 
PicUing, V, 19-4 

bath for castings, V, 19-4 

bath for deaning metals for dectroplat- 
mg, m, 43-2 

bath for forgings, VI, 488-2 

bath for galvanizing. III, 281-j 

bath for metal spinning, V, 460- / 

bath for wire drawing, VI, 514-2 

brass castings, V, 21-1 

cold-rolled sheet steel, II, 158-5 

hydrofluoric add for, V, 20-1 

in metal spinning, V, 459-2 

iron and steel to be colored, II, 160-4 

oil of vitriol for, V, 20-4 

sulphuric acid for, V, 19-4 
Picric add, etching reagent, IV, 355-4 
Piece-work wage system, VI, 441-5 
Piercing dies, II, 363-4 

for washers, II, 345-J 

laying out, 11, 344-5 

punches, II, 351-5 
Piercing, seamless tubes, VI, 333-5 
Piesometer, V, 21-2 
Pig iron, IV, 82-5; V, 21-5 

basic, IV, 82-1 

Bessemer, IV, 82-2 

brief review, IV, 79-5 

etching reagent, IV, 355-5 

grades of, 11, 279-2 

gray, IV, 82-2 

in cupola charges, 11, 277-^ 

maUeable, IV, 82-2 



Pig iron, molds for, I, 379-4 

white, IV, 82-4 
Pig lifting magnets, IV, 204-5 

lifting capadty, IV, 206-4 
Pilger rolling, VI, 335-^ 
Pillar cranes, II, 232-4; 239-1 

design, II, 239-j 

foundation, n, 241-4 

foundation bolts, II, 241-5 

general description, II, 232-4 

jib type, II, 232-4 

pintle, n, 241-1 

stresses in boom, 11, 239-2 

stresses in pillar, II, 240-2 

stresses in tie-bars, n, 240-1 

vertical tie-rods, II, 240-4 
Pillar die, II, 370-2 
PiUar files, m, 117-5 

application, m, 133-1 
Pillar jib crane, 11, 232-4 
Pillar, of shaper, V, 343-4 
Pillar shaper, V, 343-2 
Pillars, strength of, II, 169-1 
Pillow blocks, babbitting, I, 203-4 
Pilots, on Acme thread taps, I, 25-4 

on boring tools, I, 474-/ 

on multi-turning tool, VI, 346-2 

on turning tool, double-ended, VI, 347-4 
Pmched-head wood-screws, V, 328-4 
Pine, as fuel, m, 2x9-2 

band saw speed for, I, 243-4 

dectrical insulation, IV, 62-4 

for patterns, IV, 536-1 

heat expansion, m, 541-4 

holding power of nails in, IV, 486-5; V, 

453-r 
holding power of screws m, V, 328-5 

ignition temperature, IV, 45-4 

specific heat, V, 401-4 

strength, VI, 97-2 

transmission line poles, VI, 316-4; 317-2 

weight of cord, V, 401-j 

weight per foot, V, 401-2 

white, specific gravity, V, 399-/ 

white, weight per cubic foot, V, 399-r 

yellow, specific gravity, V, 399-^^ 

yellow, weight per cubic foot, V, 399--r 
Pinions, rawhide, V, 234-2 
Pinning of files, m, 132-4 
Pinning piston rings, V, 80-5 
Pins, cotter, II, 222-4; IV, 152-5 

spring abutting, V, 492-2 

stop-, for dies, VI, 79-5 

taper, VI, 180-4 

taper, reamers for, VI, 180-5 

taper, strength, VI, i8i-r 
Pint, equivalents, VI, 464-2 
Pintle calculation, jib crane, II, 236-4 

pillar crane, U, 241-1 
Pmtle chain, 11, 62-2 
Pin vises, designating size, IV, 286-2 
Pin wdding, VI, 472-1 
Pm wrenches, designating size, IV, 286-2 
Pip« (see also "Pipmg"). V. 22-5 

add-resistmg, I, 23-5 

aluminum, I, 84-5 

Barlow's formula for strength of, I, 248-5 

bending (see also "Pipe bending"), V, 
28-j 

Benedict nickel, strength, V, 26-2 

branch, V, 43-2 

brass, V, 25-4; 27-j 

brass, drawing, I, 498-4 

brass, number of threads on, m, 307-2 

brass, specifications, I, 499-4 

brassy strength, V, 22-4 

brass, taps for, III, 307-5 

brass, U. S. Navy, I, 68-r 

Briggs standard, V, 43-2 

bursting pressure, V, 23-2 

calking, lead wool for, IV, 198-5 



Pipe, carbon content, VI, 337-4 
card-weight, V, 43-2 
cast-iron, V, 22-5; 24-j 
cast-iron, protection against oorrodon, 

n, 218-J 
center, V, 35-2 
center reamers, 11, 43-2 
charging, pump, V, 191-1 
colors, V, 35-2 
columns, 11, 169-4 
conduit, V, 36-2 

conduit, in forge shops. III, 184-5 
connections, V, 27-1 
copper, V, 22-4; 25-4 
copper, electrodeposited, V, 22-4 
copper, strength, V, 26-2 
coverings, V, 27-2 
curved, extrusion of. III, 79-2 
cutters, designating size, IV, 286-5 
cutters, percentage of carbon in, I, 557-4 
cutters, tempering. III, 519-4 
cutting-off machines, horsepower, IV, 

452-/ 
delivery, pump, size of, V, 194-4 
dies, n, 380-r 

dies for threading steel, II, 38 i-r 
direct production of, II, 456-j 
discharge, hydraulic ram, V, 210-5 
discharge, pump, size of, V, 194-4 
discharging capadty, V, 23-4 
drainage to prevent electrolysis. III, 31-/ 
draw-benches, VI, 336-4 
draw-benches, power for, VI, 337-1 
drive, hydraulic ram, V, 210-2 
dectric wdding, VI, 488-2 
dectrolytic process for making, VI, 339-4 
expansion bends, V, 36-5 
fittings (see "Pipe fittings"), V, 37-4 
flanges, see "Pipe flanges" 
flow of air in, I, 28-2; 28-4 
flow of steam in, II, 303-4; V, 57-j 
flow of water in, VI, 443-5 
flow through, measuring by Venturi 

meter, VI, 436-4 
for superheated steam, VI, 124-4 
for Van Stone joints, V, 49-2 
from flat plat», making, VI, 337-2 
gages, V, 45-4 
gages, dimensions, VI, 271-1 
heat insulating, III, 542-5 
hobs, V, 54-' 
in crudble steel, II, 274-r 
induction, IV, 57-4 
in steel castings, VI, 72-4 
joints, see "Pipe joints" 
lead, V, 26-5 

lead, made by extrusion. III, 78-4 
lead, strength, V, 22-4 
line, V, 45-1 
line, friction in, V, 57-J 
liquid measure, VI, 464-2 
loss of pressure of air flowing through, I, 

29-4 
manufacture, see "Pipe manufacture" 
materials, expansion of, V, 71-5 
merchant, V, 24-5 
Mond metal, strength, V, 26-2 
nonferrous, V, 26-2 
pressure in, measuring, V, 21-2 
priming, piunp, V, 191-/ 
reamers, V, 50-5 

reamers, designating size, IV, 286-1 
riveted, V, 24-4 
seamless brass, table, I, 500-1 
seamless, strength, II, 301-r 
fifamlffls, thickness, VI, 336-/ 
service, V, 45-^ 
shop and fidd cut, V, 56-2 
shrinkage allowance, IV, 540-2 
size, velodty and friction head, table, V, 

296-5 
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Pipe, starting, pump, V, 191-r 
stave, V, 36-4 

steam, expansion, table, V, 73-5 
steam, sizes, V, 57-1 
sted, V, 22-3; 24-2 
steel and wrought-iron compared, VI, 

332-4 
steel, material for, VI, 337-j 
steel, physical properties, VI, 338-/ 
straps, electric wiring, table, VI, 540-r 
strength of, 11, 299-2 
strength of lap- and butt-welded, VI, 

333-1 
subjected to external pressures, n, 302-4 
suction, pump, V, 190-4 
suction, pump, size of, V, 194-4 
suction, pump, test pressure, V, 19 1-2 
suction, strainer for, V, 191-r 
supports^ V, 50-4 
surface insulation of, in, 30-1 
taps, see "Pipe taps" 
threading, V, 47-1 
threading dies, chasers, V, ss-3 
threading dies, lubrication, V, 47-2 
threading madiines, V, 55-2 
threading machines, horsepower, IV, 

452-/ 
threads, see "Pipe threads" 
unions, V, 41-j 
vise, VI, 439-3 
weight per foot, V, 22-4 
welded, V, 24-4 
welded, strength, 11, 301 -r 
welded, thickness, VI, 336-r 
welding machine, Lloyd, VI, 339-2 
wood, V, 26-4 
wrenches, VI, 554-2 
wrought-iron, V, 22-j; 24-2 
wrought-iron, physical properties, VI, 

338-r 

wrought-iron, strength, 11, 301-j 

zinc, V, 26-2 
Pipe bending, V, 28-x 

bends with screwed joints, V, 33-2 

by hand, V, 28-j 

design by bends, V, 31-2 

location of weld, V, 33-1 

machine for, V, 29-j 

machine for, power driven, V, 31-r 

pipe with screwed joints, V, 3$-2 

radii for pipe bends, V, 2ft-j; 33-2 

rules and formulas, V, 34-3 
Pipe center reamers, n, 43-2 
Pipe colors, V, 35-^ 
Pipe colunms, II, 169-4 
Pipe expansion bends, V, 36-j 
Pipe fittings, V, $7-4 

American standard, V, 39-j 

brass, V, 42-2 

bushings, V, 43-4 

caps, V, 43-4 

cast-iron, flanged, V, 39-1 

cast-iron, screwed, V, 40- j 

composition, V, 42-2 

couplings, V, 40-4; 43-i 

de6nitions, V, 42-4 

flanged, m, 153-4 

flanges (see also "Pipe flanges"), V, 42-j 

for superheated steam, VI, 125-/ 

Kewanee, V, 41-r 

malleable iron, V, 40-j 

malleable iron, stroigth, IV, 309-r 

nipples, V, 40-4; 43-J 
nuts, V, 43-4 
plugs, V, 43-4 
unions, V, 41-1 
working pressures, V, 38-j 
Pipe flanges, V, 42-3 
ball-shaped, in, 309-r 
cast-iron, table, V, 44-j 
finishing for gaskets, HI, 308-a 



Pipe joints, V, 46-1 

Armstrong, V, 50-2 

bell and spigot, V, 43-1 

Converse, V, 49-4 

expansion, V, 50-2 

fluid-tight, m, 30&-2 

ground, V, 48-j 

hydraulic Van Stone, V, 49-1 

insulating to prevent electrolysis, m, 31-j 

leaky, V, 71-4 

length of thread required, V, 46-j 

Matheson, V, so-x 

plumber's wiped, V, 388-j 

riveted, V, 48-r 

rolled, V, 4S-2 

screwed, V, 46-r 

screwed and calked, V, 47-2 

screwed and peened, V, 47-2 

shrunk and peened, V, 47-4 

swing, V, 76-i 

Van Stone, V, 48-2 

welded, V, 49-3 
Pipe manufacture, VI, 331-/ 

autogenous pipe welding, VI, 33^^ 

butt-welding, VI, 331-4 

continuous rolling process, VI, 33^1 

Ehrhardt process, VI, 33S-x 

electrolytic process, VI, 339-4 

finishing pierced billets, VI, 335-^ 

gap (pilger) roUing, VI, 335-^ 

lap-welding, VI, 332-1 

Lloyd pipe-welding nuichine, VI, 339-2 

Mannesmann process, VI, 333-4 

materials for pipe, VI, 337-J 

physical properties of pipe, VI, 338-1 

pipe from flat plates, VI, 337-^ 

power for draw-benches, VI, 337-^" 

seamless steel pipe, VI, 333-^ 

Shelby seamless pipe, VI, 336-2 

sted and wrought-iron pipe compared, VI, 

332-4 

Stidel process, VI, 334-4 

Swedish rolling process, VI, 336-^ 

thickness of seamless pipe, VI, 336-1 

thickness of welded pipe, VI, 336-r 

welding methods, devdopment, VI, 331-^ 
Pipe taps, V, 51-J 

arch, VI, 4^-2 

British, gage line, V, 45-4 

British standard, V, 53-4 

chasers for, IE, 82-4 

combined with driUs, V, 54-2 

designating size, IV, 286-2 

dimensions, V, 53-2 

flutmg, V, 52-4 

gagJngf V, 53-3 

hobs, V, 54-r 

inserted blade, VI, 221-4 

power required to tap, VI, 202-2 

rdid, V, 52-5 

shanks, Beaman & Smith, HI, 509-j 

straight, V, 55-r 

tap drills, VI, 20i-r 

taper, V, 52-4 

testing lead, V, 53-2 

Whitworth standard, V, 53-4 
Pipe threads, V, 56-1 

brass, VI, 277-3 

Briggs, VI, 270-4 

British, VI, 273-1 

chasers for, n, 82-4 

develoiMnent of standard, VI, 272-r 

straight, VI, 272-1 

Whitworth, VI, 273-r 
Piling (see also "Pipe"), V, 22-3 

air, sand-blast, V, 310-4 

arrangement of pump, V, 190-3 

boQer feed, V, 140-3 

circulating water, V, 140-3 

colors for, V, 35-2 

exhaust steam, V, 140-2 



Piping, for boilers, specifications, I, 447-2 
for conducting lubricants, I, 287-2; V, 

140-4 
for cutting lubricants, IV, 258-2 
for drop-forging plant, II, 483-4 
for exhaust systems for grinding rooms, 

m, 75-2 
for forge shops. III, 184-2 
for forges, sizes. III, 179-3 
for oil storage, IV, 505-4 
for power plants, see "Piping for power 

plants" 
for steam hammers, in, 182-r 
furnace, m, 237-4 
in sted ingots, n, 273-j 
live steam, V, 139-4 
location with respect to dectric tracks, 

ni, 303 

mitigation of electrolysis, m, 30-r 
oil burning system, IV, 503-2 
supporting, V, 50-4 
Piping for power plants, V, 56-1 
anchoring steam mains, V, 74-3 
atmospheric exhaust mains, V, 73-4 
automatic stop and check valves, V, 63-1 
condensation in steam mains, V, 56-3 
condensation in, superheat to prevent, VI, 

123-3 
condensation losses, V, 67-3 
connections between boilers and main 

header, V, 63-2 
connections between main header and 

engines, V, 66-4 
contraction, V, 57-4 
contraction strains, V, 71-3 
contraction, turbine exhaust main, V, 

78-4 
cross-over connections, V, 64-2 
double-d^ boiler plants, V, 60-2 
drawings/Yi 56-1 
duplicate-main system, V, 60-J 
engine connections, V, 57-4 
expansion, V, 57-4 
expansion bends, V, 75-3 
expansion joints, V, 77-2 
expansion of pipe, t^le, V, 71-3 
expansion strains, V, 71-3 
expansion, superheated steam, V, 73-2 
expansion, turbine exhaust main, V, 78-4 
friction in inpe lines, V, 57-j 
genera] arrangement, V, 58-3 
general requirements, V, 13^4 
layK)ut, V, 61-3 
leaky pipe joints, V, 71-4 
life of, n, 305-3 
main header details, V, 65-r 
ling main system, V, 58-4 
single-line main system, V, 59-a 
steam pipe sizes, V, 57-j 
steam pipes, linear expansion, table, V, 

73-i 

steam separators, V, 71-r 

superheated steam, V, 68-2 

swing joints, V, 76^3 

vacuum exhaust mains, V, 73-4 

vibration, V, 58-2 

water pockets, avoiding, V, 68-4 

water slugs, V, 67-2 
Pippin files. III, 120-2 
pistol, bolt for, profiling, V, 175-r 

frame for, profiling, V, 175-2 

Schoop spraying, V, 317-2 

sear trip seat, profiling, V, 17&-3 
Piston, VI, 14-3 

aUowances, V, 79-x 

area, effective, VI, 31-4 

area, steam engine, VI, 34-3 

crowning attachment, V, 446^ 

design, rotary blower, I, 388^4 

engine, VI, 14-3 

engine, thickness, VI, 35-1 
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Pistoii, gas engines, m, 285-a 

locomotive, repairing, IV, 226-4 

magnaliwn, IV, 289-/ 

packing rings, see "Piston rings" 

pump, V, 191-2 

pump, diameter of, V, 194-2 

pump, hydraulic jack, FV, 92-4 

rings, see "Piston rings" 

rod, see "Piston rod" 

speed, steam engine, VI, 5-4 

turning arbors, I, 113-1 

turning tool, VI, 347-1 

type of valves, setting, VI, 399-' 

valve, engine, VI, lo-i 

valve, inside-admission, setting, VI, 413-4 

valve, locomotive, IV, 226-j 
Pltton rings, V, 79-J 

allowances, V, 79-2 

arbors, I, 116-4 

bronze, V, S1-3 

castings, individual, V, 89- j , 

castings, pot, V, 89-2 

cast-iron, II, 280-3; V, 80-4 

clearance between ring ends, V, 83-4 

concentric, V, 79-5 

cutting-off tool for, V, 90- j 

dimensions, V, 82-r 

eccentric, V, 79-3 

eccentric, faceplate for, V, 90-r 

Ford plant method, V, 89-j 

grinders. III, 442-2 

grinding, V, 83-j; 85-2 

groove, widths and limits, V, 83-4 

hardness, V, 81-1 

joints, V, 80-r 

joints, position, V, 80-4 

limits, V, 83-4 

materiak for, V, 80-4 

peening, V, 86-4 

peening machine, V, 87-2 

pinning, V, 80-5 

Ramsbottom, V, 8i-r 

size before splitting, V, 83-4 

splitting, V, 84-2 

steel, V, 81 -J 

Swedish iron, V, 8x-j 

testing, V, 85-1 

thickness and width, V, 81-5 

turning, V, 82-2 

turning, finish, V, 86-/ 

turning machine, automatic, V, 82-4 

types, special, V, 90-4 

unbored, V, 86-j 

vanadium cast-iron, VI, 416-2 
Piston-rod, VI, 35-1 

factor of safety, V, 98-r 

hammer, vanadium steel, VI, 418-r 

locomotive, key slot, IV, 227-2 

locomotive, truing, IV, 227-1 

manganese-bronze for, IV, 319-4 

packing, VI, 21-5 
Pitch, V, 91-5 

bevel gear, I, 353-2 

chordal, V, 502-j 

circle, spur gearing, V, 501-4 

circular, n, 121-4 

circular, bevel gear, I, 353-2 

cone angle, I, 353-2 

cone, bevel gearing, I, 352-4 

cone radius, I, 353-2 

cylinders, spur gearing, V, 501-4 

diameter, see "Pitch diameter" 

diametral, see "Pitch, diametral" 

gage, screw, in, 275-4 

gear teeth, V, 91-j 

line, elliptic gears, m, 50-4 

line, spur gears, V, 501-4 

normsd circular. III, 325-7 

normal diametral. III, 325-2 

of bolts for water and steam joints, V, 

44-4 
220 



Pitch, of broach teeth, I, 508-2 

of cutter for spiral gears, m, 325-1 

of knurl teeth, FV, 156-2 

of Unk-belts, 11, 78-/ 

of ratchet teeth, V, 234-j 

of rivets, V, 269-4 

of screw threads, VI, 264-2 

of taps in hardening, change of, VI, 21 1-2 

of worms and worm-gears, VI, 541-4 

pole. III, 389-J 

spiral gears, V, 461-3 

spur gears, formulas, V, 502- j 

spur gears, table, V, 504-1; S05-J 

stub gear teeth, VI, 113-2 

surface, skew bievel gear, V, 367-J 
Pitch diameter, V, 502-j 

bevel gears, I, 3S3-^ 

herringbone gears, III, 548-4 

of gear for given speed. III, 387-4 

screw thread, I, 93-4; VI, 249-j 

spiral gear, V, 461-5 

spur gearing, V, 502-/ 

spur gearing, formula, V, 504-j; 506-4 
Pitch, diametral, II, 308-j 

bevel gears, I, 353-'? 

compared with module, V, 507-'? 

herringbone gears, in, 548-2 

normal, m, 325-2 

relation to width of face, V, 509-1 
Pith-ball electroscope, m, 49-2 
Pitot tube, V, 91-3 
Pit planer, V, 106-4 
Pit-saw files. III, 120-j 

application, HI, 133-J 
Pitting in boilers, 1, 398-4 
Pittsburg hose thread, IV, 32-2 
Pit type crudble furnace, HI, 225-2 
Pivoted millivoltmeter pyrometers, V, 

221-j; 222-j 
Pivot-point set-screws, V, 3*6-j 
Pivot switches, VI, 156-4 
Plain engine lathe, IV, 170-2 
Plain index centers, IV, 386-4 
Plain indexing, IV, 48-j 
Plain grinding machines. III, 4SS-^ 

designating size, IV, 285-1 
Plain-lever tailstock for bench lathe, 1, 340-4 
Plain-link chain manufacture, II, 47-j 
Plain milling cutters, IV, 367--?; 368- j 

allowance for grinding hole, IV, 372-3 

coarse-pitch, IV, 369-2 

cutters for milling teeth in, IV, 370-' 

diameters, IV, 368-4 

for brass, IV, 369-4 

for brass, teeth, IV, 370-3 

grinding, IV, 372-4 

hardening, TV, 372-4 

helical t)rpe, IV, 374-' 

keyways, IV, 372-5 

land of teeth, IV, 369-' 

millmg teeth in. IV, 370-2 

nicked teeth, IV, 370-r 

teeth, IV, 369-r 

teeth, number of, IV, 369-2 

teeth, spiral or helical, IV, 369-4 

tempering, IV, 372-4 

width, IV, 368-4 
Plain milling machine, IV, 390-4; 391-^ 

designating size, IV, 284-4 

operation, IV, 391-5; 400-4 

principal parts, IV, 39 1-' 
Plain steadyrest for grinding, V, 546-2 
Plane geometry, m, 407-' 
Plane, inclined, IV, 46-3 

motion on, IV, 433-2 
Plane, neutral, I, 197-4 
Planer (see also "Planing"), V, 94-4 

accelerating cutting speed, V, 106-2 

action, V, 95-2 

adjustable leveling blocks for, III, 209-2 

aluminum pulle3rs, I, 84-4; V, 103-2 



Planer, application of motor drive, IV, 448-3 
assembling, see "Planer assembling" 
attachments, see "Planer attachments" 
belts, V, Z09-/ 

belt-shifting mechanism, VI, 90-4 
bevel-gear, III, 3S2-5; 353-' 
breast, V, 106-3 

buzz-, in pattermnaking, IV, 535-2 
capacity, V, 102-2 

chuck, magnetic, IV, 292-4; 298-r; V, 117-3 
dutch-operated, V, 106-4 
combination, V, 104-3 
crank, V, 105-2 
cross-rail alignment, V, 108-4 
cross-rail, scraping, V, 321-4; 323-' 
designating size, IV, 284-3; V, 102-2 
development of, IV, 280-2 
double-cutting, V, xo6-/ 
drives, see "Planer drives" 
duplex, V, 105-4 
electrically driven, V, 100-4 
feeding mechanism, automatic, V, 96-3 
feeding movements, V, 96-2 
feeds, V, 437-4 
feeds, finishing, V, 102-3 
fixtures, see '^ Planing fixtures" 
forge, horsepower, IV, 452-4 
foundations, V, 107-4 
four-speed countershaft, V, 100-2 
frog and switch, V, 105-3 
hand, motor drive, IV, 440-2 
horsepower, IV, 451-3 
jadts, IV, 87-5 
leveling blocks, V, 107-4 
motor drive, IV, 450-4 
motor drive, horsepower, IV, 448-2 
motors, t3rpes of, V, xoo-4 
multiple-head, V, 102-2 
open-side, V, 104-7 
pand or thickness, IV, 535-' 
parts, names of, V, 95-7 
pit, V, 106-4 

planing methods, V, xio-7 
plate, V, 104-3 
rack cutting in, V, 228-4 
rating, V, 102-2 
reversing mechanism, V, 95-3 
rocking idler drive, V, 98-2 
rotary, IV, 394-'; V, 105-7 
rotary, designating size, IV, 285-7 
rotary, horsepower, IV, 452-3 
saddle, scraping, V, 321-4; 323-' 
second-belt drive, V, 97-4 
slide, scraping, V, 321-7 
speeds, V, xoo-2; 437-' 
speeds, factors goverxiing, V, 98-4 
speeds, variable, V, 98-2 
siural gear, III, 357-i^; 360-3 
spiral-geared drive, V, 97-4 
^ur-geared drive, V, 97-7 
spur-gear, of templet type, HI, 339-5 
table, distortion, V, 109-2 
table, planing, V, 109-7 
templets, IV, 138-2 
testing accuracy, V, X08-3 
tests of flywheels for, m, X72-4 
"thegreat," IV, 280-3 
tools, see "Planer tools" 
traveling-head, V, X06-2 
two-speed countershaft, V, 99-4 
two-speed drive, V, 99-2 
variable-speed, V, 98-2 
variable^speed, belted, V, 100-3 
variable-speed electric drive, V, iox-3 
variable-speed, geared, V, xoo-3 
vise, "hold-downs" for, V, 1x7-2 
ways, lubrication, I, 290-3 
ways, protection, V, 109-2 
widened, V, 104-4 
wood, motor drive, IV, 440-3 
wood, speed, V, 444-' 
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Pliii«r MMinblingt 1, 138-2 
boring and driUing operatioDS 00 bed, 

drilling operations on housings, I. 139-4 

driving, feed, and arch members, I, 143-4 

gages for testing bed, 1, 138-4 

uspectioo. 1, 143-4 

operations on bed, 1, 141-4 

setting the housings, I, 142-2 

testing alignment of aoss-rail, I, 143-2 

testing housings, I, 140-4 
Planer attachmenta, V, 91-4 

drcular planing, V. 93-3 

corrugated roll, V, 93-2 

curved link, V, 93-/ 

curve planing, V, 92-4 

extension tool-httd, V, 91-4 

floor stand, V, 91-4 

independent housing, V, 91-4 

bidei centers^ V, 92- 1 

radial, V, 93*1 

spiral flute, V. 93-2 

spiral flute, angle of guide bar. V, 94-2 

spiral, geared type, V, 94- 3 
Planer drives, V, 96- 4 

electric, V, 100-4 

four- speed countershaft. V, 100-2 

parallel, V, 97- 3 

rocking idler, V, 98-2 

second- belt, V, 97-4 

Sellers, V, 97' 

spiral-geared, V, 97-4 

spur- geared, V, 97-' 

thrust in, VI, 287-2 

two- speed, V, 99-2 

two- speed countershaft, V, 99-4 

variable- speed, V. 98-2 

variable-speed, belted, V, 100- j 

variable- speed, geared, V, 100-5 
Planer tools, V, 113 2 

designating size, IV, 285-3 

for brass, V, 114- 2 

ior cast iron, V, 113-2 

for rack teeth, V, 229 1 

for q>ur gears, III, 335-' 

for steel, V, 113-3; i^S-' 

ior wrought iron, V, 113-j 

grinding, VI, 295-5 

high-speed steel, hardening, IV, 2-4 

holders, VI, 297-i 

lifting latch type, V, 115-r 

master, for gear hob. IV, 18-5 

percentage of carbon in, I, 557-3 

steel for, II. 274-2; VI, 301-2 
Planer-type milling machines, IV, 391-/; 

394-1 
Planer-type surface grinder. III, 440-/ 

Plane surface, IV, 336-5 

milling, IV, 401-4 
Planetary gearing. III. 64-j 

eccentric II. 518-5 

variable-speed, VI, 433-4 
Planimeter, V, 109-4 

tested by Bureau of Standards, V, 544-2 

used for indicator cards, VI, 33-1 
Planing, V, no-/ 

angle of guide bar for spiral, V, 94-2 

angle-plates, V, 11 6-4 

angular surfaces, V, 11 2-4 

attachments, see "Planer attachments" 

bevel gears, HI, 350-2 

braces, V, 116-2 

chasers, II, 84-2 

clamps and bolts, V, 11 5-2 

clearance on thread tool, VI, 285-4 

compared with milling, IV, 394-5 

ieeds, V, 437-4 

fixtures, see "Planing fixtures" 

forming tools. III, 195-2 

gang or multiple, V. 113-/ 

gear teeth, III, 334-2 



Planing, holding cylindrical parts, V, 118-j 

holding thin plates, V, 117-2 

imbedding work in plaster-of-paris or 
wax, V, II 7-4 

locating work, V, 118-5 

magnetic chucks, V, 117-5 

operations in shaper, V, 344-2 

parallel strips, V, 116-4 

planer tables, V, 109-1 

racks, V, 228^-4 

speeds, V, 437-^ 

spiral gears, III, 360-2; 546-5 

stop-pins, V, 1 16-2 

tools (see alao "Planer toob"), V, 113-2 

vertical surfaces, V, 11 2-2 

work held in chucks, V, iii-i 
Planing flztnres, IV, 136-4; V, 117-2 

clamping device, IV, 101-5 

examples, IV, 137-2 

for locomotive cylinder saddles, IV, 138-4 

templets, IV, 138-2 

vise used as, IV, 137-2 
Planing machines, see "Planer" 
Piano-milling machines, IV, 394-4 

designating size, IV, 285-1 
Plant appraisal, manufacturing, I, 104-2 
Plants electrode plates, I, 254-5 
Plant efficiency, V, 534-2 
Plant factor, V, 530-5 
Plaster, bronzing, I, 520-/ 

heat expansion. III, 541-4 

molds, zinc alloy castings, VI, 568-1 
Plaster-of-paris, V, 119-/ 

for mounting level glass, IV, 200-5 

heat-insulating value, III, 54^-4 

holding work in planer, V, 11 7-4 

in molding, IV, 421-4 

patterns, IV, 551-J 

specific gravity, V, 400-1 

used as cement, II, 37-5 

weight per cubic foot, V, 400-1 
Plastic bronze, V, 119-2 

Ajax, I, 60-2 
Plate, armor, I, 126-r 

bending rolls for, de^gnating size, IV, 
285-2 

black, VI, 289-2 

blacksmiths' surface, I, 375-3 

boiler, material, I, 432-4 

boiler, specifications, I, 433-<2 

boiler, thickness, I, 426 -i 

boiler, thickness, minimum, I, 432-4 

camera, V, 13-2 

cams, I, 531-2 

cams, laying out, 1, 540-2 

charcoal, VI, 290-5 

coke, VI, 290-5 

flat, strength of, m, 154-1 

gage, V, 1 19-2 

gage, table, VI, 508-j 

galvanized, oxy-acetylene welding, VI, 

477-4 
index, generating, II, ^^1-2 
jig, II, 438-4 
laying-out, VI, 128-5 
magnets, IV, 205-1; 305-5 
magnets, current requirements, IV, 206-2 
master, IV, 326-4 
match, IV, 421-4 
molding, III, 212-5 
nail, IV, 486-j 
planer, open-side, V, 104-5 
plating with tin, m, 45-2 
resistor, V, 264-4 
shears, horsepower, IV, 453-2 
skdp, V, 284-2 
steel, weight of, VI, 73-2 
surface, VI, 128-2 
surface, designating size, IV, 286-4 
surface, for laying out, IV^ 188-4 
teme-, VI, 223-4 



Plate, thin, holding, for planing, V, 117-2 

tin, V, 284-2; VI, 290-5 

tin, oxy-acetylene welding, VI, 477-4 

tools for punching, V, 214-5 

valve for air compressors, I, 39-4; 40-2 

zinc, weight of, VI, 566-4 
Plated woriL, polishing, V, 126-2 
Platen, for hydraulic presses, IV, 41-2 

for planer, V, 95-j 
Platform scales, VI, 458-4 

adjusting distance between knife-edges, 

VI. 459-4 

construction, VI, 459-/ 

counterpoise weights, errors in, VI, 462-5 

inq)ection, VI, 461-4; 462-4 

lever arrangement, IV, 202-5 

requirements for accuracy, VI, 459-2 

sensibility, VI, 460-/ 

sensibility and accuracy, distinction, VI, 
460-2 

sensibiUty reciprocal, VI, 460-x 

sensitiveness, VI, 460-4 

testing, VI, 461-1 

tests, detailed, VI, 462-2 

tests weights, VI, 461-5 

tolerances, VI, 461-/ 
Platforms for overhead cranes, 11, 253-4 

brackets, n, 254-2 

steel-screen, n, 254-2 
Platine, VI, 566-2 
Plating, electro-, m, 41-4 

aluminum, I, 90-2; III, 43-5; 47-4 

arrangement and equipment of plating 
establishments. III, 42-/ 

brass. III, 46-r 

bronze, III, 46-2 

cobalt, ni, 44-4 

copper, III, 45-5; 49-^ 

copper, for local casehardening, 11, 9-/ 

die-castings. III, 48-r 

electrolytic cleaning, III, 43-4 

electrotyping. III, 49-2 

gold, ni, 47-2 

iron. III, 45-j 

metal deposited per ampere-hour, m, 

42-5 

nickel. III, 44-2 

nickel, black, III, 44-5 

palladium. III, 47-4 

pickling baths. III, 43-2 

platinum. III, 47-5 

preparing work, III, 42-4 

silver, HI, 47-j 

solutions. III, 43-5 

spotting out. III, 44-1 

tin, ni, 45-2 

zinc. III, 46-5 

zinc-alloy die-castings. III, 48-r 
Platinite, IV, 77-^; V, 119-5 
Platinoid, III, 412-2 
Platinum, V, 119-5 

alloy; for length standards, V, 541-4; VI, 
468-2 

alloy, iridio-platinum, IV, 77-4 

couples, temperature coefficient, V, 222-4 

etching reagent, IV, 354-1 

hard, IV, 78-/ 

hardness. III, 538-r 

heat expansion. III, 541-5 

impurity in copper refining, III, 34-2 

in thermo-couples, V, 220-4 

iridium alloy, V, 541-4 

iridium in, IV, 78-r 

melting point, IV, 335-^ 

plating, m, 47-5 

price of, V, 120-r 

rhodium alloy in thermo-couples V, 220-4 

rolled, melting point, IV, 335-3 

specific gravity, V, 398-5 

specific heat, V, 401-4 

weight per cubic mch, V, 398-5 
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Pbtinum, wire, V, zao-x 

wire, drawing, VI, 510-4 

wire, mdtiiig point, IV, ssS'3 

world's production, V, 120-2 
Pliers, dwrignating size, IV, 2S6-3 

percentage of carbon in, I, 557-4 
Plow-sted wire, V, 120-2 

rope, VI, 520-J 

strength, VI, 97-/; 520-3 
Plug-and-button locating method, IV, aig-j 
Plug-and-height gage locating method, IV, 

220-2 
Plug fuse, m, 266-j 
Plug gages, m, 270-3 

allowances, m, 271-j 

lapping, IV, 160-J 
Plug in spindle chuck, locating from, IV, 

ai8-j 
Plugs, metal spinning, V, 456-j 
Plugs, pipe fitting, V, 42-1; 43-4 

table, V, 43-j 
Plug switGlias, VI, 162-2 

ammeter jack, VI, 163-5 

ammeter testing, VI, 164-j 

arc, VI, 163-1 

attaching, VI, 165-2 

bus ammeter, VI, 163-j 

bus transfer, VI, 164-j 

cable ammeter, VI, 164-2 

cable transfer, VI, x64-j 

charging, VI, 165-1 

potential, VI, 162-2 

prim&ry, VI, 163-2 

secondary, VI, 163-2 

short-circuiting, VI, 163-3 

synchronizing, VI, 162-2 

transfer, VI, 164-j 
Plug, taper, making in turret lathe, VI, 

370-4 
Plug Ups, III, 507-J 
Plug valve, VI, sBs-2 
Plumbago, V, 120-2 

as a lubricant, IV, 251-4 

crucibles, n, 26^2 
Plumb-bobs, designating size, IV, 286-4 
Plumbers* soWer, V, 388-j 

sealed solder, V, 387-' 
Plumbers' wiped joint, V, 388-j 
Plunge battery, I, 252-1 
Plunger press, multiple, V, 161-4 
Plunger pomp, boiler feed, V, 136-4 

for cutting lubricants, IV, 257-7 

for water coolmg of engines, m, 299-j 

inside-packed, V, 191-4 

outaide-packed, V, 191-4 

plunger-and-ring type, V, 191-4 
Plungers, for die-casting machines, n, 

316-4 
packmg jack, IV, 91-5 
pump, V, 191-J 
pump, diameter of, V, 194-2 
spring, n, 130-i 
Plunger-type electric measuring instruments, 

in, 18.3 
Pneumatically-oontroUed punching ma- 
chines, V, 217-2 
Pneumatically-operated circuit-breakers, 11, 

120- J 
Pneimuitically-operated hammers, m, 

SOO-2 

Pneumatic chisels, steel for, VI, 301-2 
Pneumatic chucks, 11, 113-2 
Pneumatic dutches, II, 143-4 

for planer, V, 107-3 

for sk>tter, V, 385-j 
Pneumatic countershaft, 11, 228-4 
Pneumatic drilling machines, V, 120-3 

air consumption, V, 121-2 

dose-quarter, V, 121-4 
Pneumatic hammers, V, 121-4 

air consumption, V, 123-1 



Pneumatk hammers, lubrication, IV, 246-2 

snaps, tempering, m, 5x9-4 

use of, II, 107-4 
Pneumatic hand rammer, IV, 427-j 
Pneumatic hoist, IV, 28-2 
Pneumatic operation of oil switches, VI, 

175-* 
Pneumatic power hammers, for forge shops, 

m, 183-3 
Pneumatic process (Bessemer), I, 350-2 
Pneumatic recording tachometer, VI, 179-3 
Pneumatic riveter, V, 265-3 
Pneumatic swaging nutchine holder, VI, 

137-r 
Pneumatic tools, air pressures in, 1, 31-3 
Pneumatic tube mail, air pressure for, I, 

385-x 
Pockets for bolt-heads in foundations, m, 

208-J 
Poehlmann music wire gage, VI, 509-3 
Poggendorfs cell, I, 250-j 
Point-and-ball tool, metal spinning, V, 457-/ 
Point, equations for, in analytical geometry, 

I, 92-r 
Pointing bolts, I, 453-2 
machine for, I, 453-3 
Pointing tools, turret lathe, VI, 367-2 
Point of release in engines, VI, 3-4 
Point of set-screws, V, 326-3 
Point wdding, electric, VI, 496-2 
Poisson's ratio, VI, io8-r 
Polarity of trolley, reversal of, m, 32-r 
Polarity, wrong, ^yndmmous motors, m, 

6-3 
Polarization, 11, 535-J 

primary batteries, I, 249-2 

storage batteries, I, 254-2 
Polarized t3rpe reverse-current relays, V, 

251-3 
Polar moment of inertia, V, 331-4 

table, VI, 106-J 
Polar planimeter, Amsler, V, 109-4 
Polar section modulus, V, 331-4 

table, VI, 106-1 
Pole area, lifting magnet, IV, 207-3 
Pole faces, lifting magnet, IV, 207-2 
Pole field, commutating, IV, 479-4 
Pole foundations, transmission Hnes, VI, 

321-2 
Pole lathe, VI, 419-r 
Pole pieces, D. C. motor, IV, 474-4 

armature out of center of, in, 2-4 
Pole pitch, m, 389-3 
Poles, commutating, II, 172-j; IV, 479-2 

commutating, D. C. generator. III, 400-4 

concrete, VI, 318-3 

fidd, synchronous motor, IV, 471-2 

for transmission lines, VI, 316-2 

number of, A. C. generators, m, 393-2 

of a magnet, II, 528-5 

of oil switches, VI, 169-a 

steel, VI, 320-1 

truss type, VI, 319-5 

wooden, life of, due to diffenat treatment, 
VI. 318.5 

wooden, life of untreated, VI, 317-2 

wooden, preservative treatment, VI, 

317-3 
Pole testers, III, 15-5 
Pole-type oil switches, VI, 174-1 
Pole, unit magnetic, II, 528-4 
Pole, zmcoid, VI, 568-4 
Polish attack, for microscopic study, IV, 

356-2 
Polish, indicating on drawings, 11, 428-4 
Polishing, V, 123-2 

abrasives, V, 125-2 

aluminum, I, 90-1 

buffing, V, 123-2 

buffing, abrasive materials, V, 125-2 

buffing compositions, V, 125-5 



Polishing, buffing machines, V, 123-4 

cold-rolled sheet steel, n, 159-4 

compositions, V, 125-5 

cutlery, speeds for, m, 487-5 

different materials, V, 126-2 

drop-forging dies, n, 489-j 

for high finish. III, 136-2 

hard rubber, V, 300-2 

heads, V, 123-4 

heads, designating size, IV, 285-2 

lathe, V, 123-4 

macljnes, see "Polishing machines" 

metal saws, V, 314-5 

operations, V, 125-2 

relief, IV, 351-5 

rifle parts, V, 126-5 

shafts, V, 342-4 

spmdle, ball bearings for, I, 220-/ 

stand, V, 123-4 

strapping attadunent, V, 126-r 

taps, VI, 219-5 

use of bright dip for, V, 126-4 

wheels, see "Polishing wheeb" 
Polishing machines, V, 123-4 

bdttype, V, 126-j 

for microscopic study of metals, IV, 348-4 

horsepower, IV, 452-5 

swing-frame, designating size, IV, 285-2 
Polishing wheels, V, 124-/ 

application of abrasive, V, 124-4 

exhaust systems for, in, 75-j 

glue for, V, 124-4 

greased, V, 125-2 

speed, V. 125-4 

use of different, V, 125-4 
Polygon, V, 127-5 

area, V, 128-1 

mensuration, IV, 339-1 

of forces. III, 173-5 

regular, V, 127-5 

regular, table, V, 128-2 
Polyphase, V, 10-5 

alternator, V, 53 2-1 

commutator motor, IV, 474-r 

commutator used with induction motor, 

IV, 469-4 

generators, m, 390-2 
Poncelet water-wheel, VI, 446-4 
Poole roll-grinding machine, V, 278-5 
Poplar, as fuel, m, 219-2 

coeffident of friction in brakes, I, 480-5 

Georgia, for polishing wheels, V, 124-1 

spedfic gravity, V, 399-1 

weight of cord, V, 401-1 

wdght per cubic foot, V, 399-1 
Poppe method of recutting diamond dies, 

n, 310-5 
Poppet (pop) valves, dectrically-wekled, 
VI, 49^-2 

for air compressors, I, 38-4 

safety valve, VI, 386-2 
Porcelain, as dectrical insulation, IV, 63-5 

heat-ezpansion, m, 541-4 

insulating, effect of temperature, IV, 61-5 

insulating value, IV, 61-4 

insulator thread, VI, 274-5 
PoTpezite, IV, 522-5 
Portable acetylene generators, I, 21-2 
Portable boring-bars, I, 466-4 
Portable crane, n, 233-j 
Portable grinders, m, 444-4 

designating size, IV, 285-2 
Portable k^yseat milling machine, designat- 
ing size, IV, 285-1 
Portable planer, designating size, IV, 284-5 
Portable sbtter, V, 384-5 

designating size, IV, 284-5 
Portable substaticms, V, 149-2 
Portevin's experiments, m, 529-j 
Portland cement, n, 35-4 

concrete, strength, VI, 97-2 
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Portland cement, specific gravity, V, 400*1 

strength, VI, 97-2 

used as a chlorine-proof lute, n, 37-j 

weight per cubic foot, V, 400-z 
Ports, air compressors, I, 46-j 

engine, exhaust, VI, 34-4 

engine, steam, VI, $4-4 

induction, IV, $7-4 
Positive and negative quantities in algebra, 

I, 61-4 
Positive blowers, rotary, I, 387-^ 
Positive clutches, II, 132-2 

cutting teeth in, U, 132-4 

form of teeth in, n, 13 2- j 

friction, II, 139-1 
Positive clectrol3rtic areas. III, 28-4 
Positive locking devices, II, 128-4 
Post hanger, in, 512-2 
Post radial drilling machine, n, 458-4 
Pot annealing furnace, II, 158-2 
Potash, V, 1 28- J 

nitrate of, for bluing iron and steel, IV, 
49&-1 

prussiate of, for casehardening, II, 5-2 

solutions, V, 386-2 
Pofarinm, V, 128-j 

carbonate, melting point, m, 25X-J 

chlorate process of producing oxygen, IV, 

S09-4; 512-4 
chlorate, spontaneous combustion, V, 

480-2 
chloride bath for heat-treatment, m, 

250-2 
chloride, in boiler feed water, I, 397-z 
chloride, melting point. III, 251-j 
cyanide, n, 294-4 
cyanide bath, HI, 513-j 
cyanide for casehardening, 11, 5-2; 12-j 
ferrocyanide for casehardening, n, 5-2; 

"J 

fluoride, melting point, m, 251-4 

hydrate as a freezing mixture. III, 2x4-1 

hydride, qxintaneous combustion, V, 
480-2 

in earth's crust, 11, 93-r 

melting point, IV, ssS-^ 

nitrate, bath for tempering, in, 250-2 

nitrate, melting point, III, 251-j 

salts, in boiler feed water, I, 397-/ 

specific gravity, V, 398-j 

qx>ntaneous combustion, V, 480-2 

weight per cubic inch, V, 398-J 
Pot castings for piston rings, V, 89-2 
Potential difference, qrmbol, V, 529-j 
Potential drop due to resbtance, II, 537-5 
Potential, electric, II, 533-3 
Potential energy, HI, 57-i 

examples of, VI, 37-2 
Potential plug switch, VI, 162-2 
Potential relays, balanced- voltage, V, 250-2 

classification, V, 249-5 

direct-current, V, 250-1 

low-voltage D. C, V, 250-/ 

over-voltage D. C, V, 250-2 

secondary A. C, V, 255-j 

tripping D. C, V, 250-j 
Potentiometer, n, 533-4; m, 25-4 
Pots, annealing, malleable castings, IV, 
308-2 

annealing, nuiterials for. III, 224-2 

melting, for lead baths. III, 513-j 
Pound, VI, 464-i 

history of, VI, 466-5 

in metric units, VI, 465-4 

of water, volume of, VI, 464-4 

per square inch, equivalents, V, 164-5; 
VI, 464-4 
Pouring basins in molds, IV, 4x4-' 
Pouring molds, steel foundry, VI, 70-2 
Pouring monel metal, IV, 430-2 
Powdered coal fuel, UI, 218-4 



Powdered coal fuel, cost of preparing, m, 
219-r 

for furnace fuel. III, 230-/ 
Powder, gun, ignition temperature, IV, 45-4 
Powder, zinc, VI, 566-5 
Powellite, IV, 429-x 
Power, V, X28-4 

alternating-current, 11, 53^-5 

apparent, IV, 154-r 

capacity, V, 531-1 

-driven electric riveters, V, 267-4 

-driven rivets compared with hand-driven, 
V, 267-5 

-driven shears, V, 354-5 

electric, symbol, V, 529-5 

electric, unit of, 11, 534-2 

factor, see "Power factor" 

for bucket elevators, U, 203-2 

for cranes, n, 233-2 

for moving air, III, 104-1 

for pumping, V, i9S-j; 196-^ 

for removing metal, IV, 408-4; 447-4 

for rolling mills, V, 284-5 

for steam haxxuners, m, 182-5 

for supplying air to sand-blast, V, 311-1 

for tapping, VI, 201-4 

hacksaws for forge shops, HI, x86-r 

hammers, see "Power hammers" 

heat equivalents, V, 129-j 

in algebra, I, 61-/ 

in alternating-current circuits, V, 529-2 

in mathematics, V, 129-1 

in mechanics, IV, 330-j 

measurements (dynamometer), II, 5x3-5 

measuring instruments, electric. III, 21-2 

measuring, steam turbine, VI, 61-4 

mechanical, IV, 331-1 

of boilers, I, 422-1 

of gas engines, in, 294-4 

of motor for pumps, V, 209-5 

of numbers. III, 203-5 

of niunbers by logarithms, IV, 242-5 

of numbers, fifth, n, 304-' 

of steam engines, VI, 5-1 

of windmills, VI, 505-4 

plant, see "Power plant" 

plant piping, see "Power plant piping" 

presses, see "Power presses" 

pumps, V, 198-5 

pundies, V, 215-5 

standardization rules, V, 528-5 

supplied for electric lighting, 11, 551-2 

transformers, outdoor substations, VI, 
1 20-1 

transmission, see "Power transmission" 

transmitted by cotton ropes, V, 296-j; 

296-5 
transmitted by flexible shafting, m, 

156-4 
transmitted by gearing, V, 507-4 
transmitted by rawhide gears, V, 234-4 
transmitted by shafting, V, 33 5- J" 
transmitted by wire rope, V, 297-5; 298-7 
transmitted by worm gearing, VI, 551-4 
Power factor, II, 538-4; m, 395-3; IV, 

1 54- J 
A. C. motor, VI, 146-5 
commutator motor, IV, 473-4 
correction, II, 542-2 
correction, synchronous condenser, 11, 

X82-2 
correction, synchronous motor. III, 6-2 
for welding, VI, 493-4 
indicators, VI, 148-1 
induction motor, IV, 467-4; VI, 146-5 
instruments for measuring. III, 22-/ 
low, in alternators. III, 4-4; 5-2 
meters, in, 22-2 

synchronous converter, VI, 146-4 
synchronous motor, IV, 472-5; VI, 

146-5 



Power hammerB, m, 186-5; 498-4 

arrangement of, in, 181-2 

dutches for, n, 144-2 

designating size, IV, 285-2 

foundations for, ni, X81-5 

helve, in, 499-x 

number required in foxge shops, III, 
i8x-2 

pneumatic, in, 183-5; 500-2 

types of, in, 181-5 

vacuum, m, 500-5 

vertical tjrpe, in, 409-5 
Power plant, V, 129-2 

boilers, V, X33-4 

boiler rating, V, 134-J 

boiler settings, V, X34-2 

coal bunkers, V, 132-5 

coal-handling equipment, V, 132-5 

concrete, cost of, II, 174-2 

economizers, V, 135-1 

electric connections, V, 146-5 

feed-pumps, V, 136-5 

feed-water heaters, V, 136-2 

flues, V, 135-4 

fuel oil, V, 133-2 

gas producers in, ni, 317-2 

grates, V, 135-2 

grounds, V, 147-5 

hydraulic units, V, x45-r 

hydroelectric, V, 143-5 

hydroelectric, arrangement, V, 143-4 

hydroelectric, building construction, V, 

145-^ 
hydroelectric, crane facilities, V, 145-4 
hydroelectric, exdters, V, 147-1 
hydroelectric, heating, V, 146-7 
hydrodectric, transformers, V, 147-2 
hydrodectric, ventilation, V, X45-2 
illumination, V, 132-7 
life of machinery, n, 305-5 
lightning arresters, V, 147-5 
location of, influence on dectrolysis, III, 

32-J 
mechanical stokers, V, 135-2 

piping, see "Power plant piping" 
records, V, X43-2 
stacks, V, 135-4 
station wiring, V, 141-4 
steam accessories, V, 134-4 
steam, building construction, V, 130-5 
steam, condensers, V, 137-4 
steam, crane facilities, V, 13 1-2 
steam, effidency, VI, 29-7 
steam-electric, arrangement, V, 130-7 
steam-dectric, exdtation, V, i4i;7 
steam, foundations, V, 13 1-7 
steam, location of, V, 129-5 
steam, piping, V, 139-4 
steam, prime movers, V, 137-7 
steam, roof, V, 131-4 
steam, ventilation, V, 13 1-2 
substations, V, 147-4 
substations, converters, V, 148-4 
substations, industrial, VI, XX9-2 
substations, motor-generators, V, 14S-4 
substations, outdoor, V, 149-7 
substations, portable, V, 149-2 
substations, transformers, V, 148-5 
switchboards, VI, 139-5; 152-5 
switch gear, V, X4X-5 
water-wheels, types, V, 143-4 
windmill drive, VI, 506-4 
Power plant piping, V, 56-7 
anchoring steam mains, V, 74-5 
atmospheric exhaust mains, V, 73-4 
automatic stop and check-valves, V, 63-7 
colors for, V, 35-2 

condensation in steam mains, V, 56-5 
condensation losses, V, 67-5 
connections between boilers and main 
header, V, 63-2 
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Power plant piping, connections between 
main header and engines, V, 66-4 
contractiont V, 57-4 
contraction strains, V, 71-j 
contraction, turbine exhaust main, V, 78-4 
cross-over connections, V, 64-2 
double-deck boiler plants, V, 60-2 
dnwmgs, V, 56-j 
duplicate main system, V, 60-1 
engine ocmnections, V, 57-4 
ezpandoQ, V, 57-4 
expansion bends, V, 75-j 
expansion joints, V, 77-2 
expansion of pipe, table, V, 71-j 
expansion strains, V, 71-3 
expansion, superheated steam, V, 73-2 
expansion, turbine exhaust nuun, V, 7&-4 
friction in pipe lines, V, 57-1 
general arrangement, V, 58-j 
lay-out, V, 61-J 
leaky pipe jomts, V, 71-4 
main header details, V, 65-1 
ring main system, V, 58-4 
sin^e-Une main system, V, 59-2 
steam pipe sizes, V, 57-1 
steam pipes, linear expansion, table, V, 

73-3 

steam separators, V, 71-j 

superheated steam, V, 68-2 

swing joints, V, 76-5- 

vacuum exhaust mains, V, 73-4 

vibration, V, 58-2 

water pockets, avoiding, V, 68-4 

water slugs, V, 67-2 
Power pressee, V, 149-3 

arch, V, 151-2 

armature disk, V, 154-2 

cam-operated, V, 152-3 

classification, V, 149-4 

clutches for, 11, 137-1; V, 155-4 

coining, V, 153-4 

designating size, IV, 285-j 

die pressmg, n, 360-4 

double-action, V, 152-3 

double-action gang, V, 155-3 

double-crank forging, V, 155-4 

double-drawing, V, 153-1 

ejecting work with air blast, V, i6i-r 

embossing, V, 153-4 

feeding mechanisms, V, 158-1 

forging, V, 155-4 

friction spindle, V, 162-2 

gang, V, 155-^ 

gang, double-action, V, 155-3 

guards^ V, 302-4; 306-/ 

homing, V, 154-r 

inclinable, V, 150-r 

inclined, V, 150-4 

knockout, V, 160-2 

multiple, V, 155-2 

multipl&crank, V, 15 1-4 

multiple plunger, V, 161-4 

perforating, V, 154-4 

pressure exerted by, V, 163-2 

punching, V, 151-2 

rating, V, 163-2 

reducing, V, 153-3 

safeguards, V, 306-j 

straight-sided, V, 151-1 

thread rolling in, VT, 263-3 

toggle-drawing, V, 152-4 

trimming, V, 151-J 

triple-action, V, 153-j 

watch and clock nudcers, V, 151-3 

wiring, V, 154-r 
Power transmisflioii, belt, I, 3x8-2 

bevel gears, I, 352-3 

chain, n, 60-4 

D. C, Thury system, VI, 287-4 

efficiency of, in, 215-4 

electric, VI, 3x0-4 



Power transmission, friction wheel, III, 
2x7-1 

herringbone gears, m, 544-1 

rope, V, 292-4; 294-3 

spiral gears, V, 46X-2 

spur gears, V, 501-3 

wire rope, VI, 530-1 

worm gears, VI, 541-2 
Pozzuolanic cement, n, 36-2 
Praesodsrmium, V, 149-3 

melting point, IV, 335-2 
Pratt & Whitney key system, IV, 147-2 
Precision balance, VI, 458-4 
Precision dividing wheel, making, U, 390-2 
Precision files, m, 12 2-1 

making, m, XX4-2 
Precision lathes, I, 342-1; IV, X70-3 
Precision measure of caiMuity, VI, 463-3 
Precision screws tested by Bureau of Stand- 
ards, V, 544-' 
Predsbn thread lap, IV, X64-4 
Predsum weighing, VI, 463-3 
Precision work, locatixig for boring, IV, 

217-4 
Preeoe test of galvanizing, m, 281-4 
Preheating, air for oil furnaces. III, 259-2 

aluminum for weldmg, VI, 480-3 

bearings for babbitting, I, 200-4 

in autogenous welding, VI, 475-4 

in thermit welding, VI, 503-2 

mandrels for babbitting, I, 200-4 
Premium wage system, VI, 442-1 
Present value and discount, IV, 7X-4 
Pressboard, insulating value, IV, 61-4 
Pressed fits, m, 145-2 

allowance for, in, X47-3 

on generators and motors, m, 148-2 

pressure for, HI, X46-2 

record of, IQ, 148-1 
Pressee (see aJso "Presses, forging" and 
"Presses, power"). III, 189-1; V, 

149-J 
arbor or mandrel, I, iio-r 

arbor or mandrel, designating size, IV, 

286-3 
automatic chain, 11, 53-2 
Bramah, IV, 34-3 
drop, n, 510-1 

extrusion, for tubular shapes, HI, 84-2 
extrusion, modem high-power. III, 86-4 
for briquetting metal chips, I, 506-1 
for die pressing, 11, 360-4 
for wiring dies, 11, 282-3 
hydraulic, IV, 34-T 
hydraulic, classification, IV, 34-4 
hydraulic extrusion, HI, 79-2 
hydraulic, for die pressing, II, 362-4 
hydraulic, Krupp, extrusion. III, 88-/ 
hydraulic, shaft straightening, V, 341-7 
hydraulic, wheel, designating size, IV, 

285-3 
hydrostatic, IV, 34-r 
hydrostatic, wheel, horsepower, IV, 452-4 
inverted cylinder, IV, 35-4 
molding, pattern-drawing type, IV, 424-4 
percussion, EC, 360-4 

straightening, designating size, IV, 285-2 
wiring, 11, 282-3 
Pressee, forging, m, 189- 1 
application, in, 183-4; 192-3 
capacity. III, 184-1; 190-2 
comparison with steam hanmiers, HI, 

190-3 
hydraulic, m, X89-J 
steam consumption, m, 19X-3 
steam-hsrdraulic, in, 189-2 
Presses, power, V, 149-3 
arch, V, 15 1-2 
armature disk, V, X54-2 
cam-operated, V, 152-3 
classification, V, X49-4 



Presses, power, dutches for, II, X37-/; V, 

X55-4 

coining, V, X53-4 

designating size, IV, 285-3 

double-action, V, 152-3 

double-action gang, V, X55-3 

double-crank forging, V, X55-4 

double-drawing, V, X53-J 

ejecting work with air blast, V, 161-j 

embossing, V, 153-4 

feeding mechanisms, V, X58-J 

flywheels, m, X70-1 

forging, V, X55-4 

friction spindle or screw, n, 360-4; V, 
X62-2 

gang, V, 155-2 

gang, double-action, V, 155-3 

homing, V, 154-1 

inclinable, V, 150-j 

indined, V, 150-4 

inclined, die-bed for, n, 3x2-4 ^ 

knockout, V, 160-2 

multiple, V, X55-2 

multiple^rank, V, 15X-4 

multiple plunger, V, 161-4 

perforating, V, 154-4 

pressure exerted by, V, 163-2 

punching, V, X51-2 

rating, V, X63-2 

redudng, V, X53-3 

safeguards, V, 306-r 

straight-aided, V, 151-1 

thread rolling in, VI, 263-3 

toggle-drawing, V, X52-4 

trimming, V, 15X-1 

triple-action, V, X53-J 

watch and dock makers, V, X5X-3 

wiring, V, x54-r 
Pressing ball blanks, I, 228-4 
Pressing (molding) machine, IV, 424-3 
Pressure, V, 164-3 

absolute, V, 164-4 

air, see "Pressure, 'air" 

angle, for gears, see "Pressure angle for 



tf 



atmospheric, I, X50-2 

atmospheric, measuring by barometer, 
I, 248-4 

atomizer, fud oil, V, 133-3 

back, engines, VI, 4-2; 5-4 

blowers, I, 383-4; 385-1 

bursting, of cylinders, n, 302-4 

bunting, of i»pe, V, 23-2 

comparison of different methods of meas- 
uring, V, 164-3 

dynamic, I, 385-2 

effective, engines, VI, 4-2 

exerted by punch presses, V, 163-2 

filters for boiler feed water, I, 401-/ 

for boilers, maximum working, I, 439-2 

for coining, n, 358-3 

for fittings, V, 38-3 

for friction wheel drives, m, 217-4 

for lim>ping, IV, 167-4 

for prosed fits, m, 148-3 

for punching, V, 216-2 

for valves, V, 38-3 

gage, V, X64-4 

gage, manometer, IV, 326-2 

gas producers, see "Pressure gas pro- 
ducen" 

head, in pumps, V, 195-4 

indicator, for measuring machines, IV, 
327-4; 328-3; 329-' 

initial, in steam engines, VI, 4-7 

in kilograms reduced to pounds, VI, 465-4 

in pipes, measuring, V, 21-2 

mean effective, VI, 4-2 

mean effective, different engines, VI, 

36-3 
mean effective, facton for finding, VI, 5-3 
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PreBBurep mean effective, from indicator 
card, VI, 31-j 

measures of, VI, 464-4 

measuring, steam turbines, VI, 6i-j 

normal, IV, 333-2 

of steam engines, table, VI, 5-4 

of water, VI, 443-3 

on lip surface of tool, IV, 276-2 

pads, rubber, for drawing dies, n, 420-2 

plate, IV, 236-2 

reducing valves, VI, 387-j 

regulators for air compressors, 1, 40-4 

static, I, 385-2 

steam, in power plants, V, 134-5 

terminal, engines, VI, 4-2 

test for boilers, I, 44S-Z 

velocity, I, 385-2 
Pressure, air, I, 27-4 

for air-lift pumping, V, 3ii-j 

for blast furnaces, I, 384-4 

for converters, I, 384-4 

for cupolas, I, 384-4; II, 279-/ 

for foiges, I, 384-3; ni, 179-J 

for merhanical draft, I, 384-2 

for miscellaneous services, I, 385-1 

for sand-blast, V, 309-5 

for ventilating fans. III, 107-j 

relation between temperature and vol- 
ume, I, 30-j 

relation to volume and power, m, 104-j 
Pressure angle for gears, V, 518-4 

herringbone gears, m, 548-2 

skew bevel gears, V, 373-2 

spiral bevel gear, V, 473-4 

stub-tooth gear, VI, 111-4 
Pretsore gas producers, HI, 309-2 

action. III, 314-3 

applications in power plants, in, 317-2 

application to furnace heating. III, 317-j 

ash disposal. III, 315-4 

chemistry. III, 314-4 

coking, ni, 316-1 

down-draft, general description, m, 310-2 

efficiency, in, 3x5-2 

fuels, m, 315-5 

grates, III, 316-2 

heat losses. III, 316-4 

operating costs. III, 317-1 

rating, III, 317-2 

supporting fuel bed, m, 316-2 

tar disposal. III, 316-5 

up-draft, general description. III, 309-5 

up-draft, operation. III, 312-/ 

up-draft, typical. III, 311-5 
Press work, ejecting with air blast, V, 161-1 
Prevention of accidents, I, 7-7 

acetylene generators, I^ 32-2 

belting, I, ii-i 

by suitable lighting, I, 8-5 

cranes, I, 11-5 

electric drives, I, ii-i 

electric shock, I, 12-j; m, 26-5 

elevators, I, 11-4 

fire risks, I, 12-4 

grinding wheels, I, 10-4 

hoists, I, 11-5 

influence on machine design, I, 9-r 

interlocking safety devices, 1, 9-5 

pullers, 1, 11-2 

railings, I, 10-5 

revolving machine parts, I, 10-4 

safeguards, I, 8-4; 10-5 

shaft oiling and shaft guards, 1, 10-2 

shop arrangement, I, 9-4 

stairs, I, 10-5 

swinging doors, I, 10-5 
Prevention of fira in factories, 1, 12-4 
Price of gears, formula, V, 511-2 
Prick-punch, 11, 38-5 
Primary batteries, I, 248-4 
Primary cells, I, 248-4; 11, 535-J 



Primary plug switches, VI, 163-2 
Primary relays, V, 249-5; 2Si-4 
Prhnaiy transformer coil, VI, 306-j 
Primary voltage, rated, of transformer, V, 

533-/ 
Primary winding, tranafonner, V, 53I-4 
Prime factor, m, 94-2 
Prime mover, V, 165-1 
Prime number, V, 165-j 
Priming, boiler, I, 420-2 

centrifugal pumps, V, 207-4 

pipe, pump, V, 191-1 

pump, hand-operated, V, 208-j 

with steam ejectors, V, 208-1 
Prince's metallic brown, II, 215-4 
Principle of work, in mechanics, IV, 331-1 
Printing, shop photography, V, 18-5 
Printing type, height of, V, 526-4 
Prism, V, 165-z 

center of gravity, HI, 430-2 

mensuration, IV, 341-4 

moment of inertia, IV, 58-2 
Prismoidal formula, IV, 343-5 
Pritchel hole, m, 181-2 

in anvils (illustration), 1, 103-5 
Producer gas, m, 315-5 

burning in producer, m, 312-4 

control of quantity generated, m, 314-a 

effect of impure, m, 309-4 

for brick kilns, HI, 309-4 

for engines. III, 296-2 

for furnaces, m, 230-4; 256-4 
Producers, gas, m, 309-r 

action, m, 314-5 

application for furnace heating, m, 317-5 

application in power plants, m, 317-2 

ash disposal, ni, 312-5; 315-4 

charging, m, 314-2 

chemistry, m, 314-4 

coking, in, 3 16- J 

combined up-and-down-draft suction. III, 

311-5 
control of quantity of gas generated, m, 

314-2 
cost comparisons. III, 317-r 
down-draft pressure. III, 310-2 
down-draft suction, m, 311-7 
down-draft suction, advantages, HI, 314-x 
down-draft suction, operation. III, 314-5 
down-draft suction, typical, HE, 313-4 
effect of air in. III, 315-^^ 
effect of steam in. III, 315-2 
efficiency. III, 315-2 
fuels, ni, 315-5 
gas burning in, m, 312-4 
grates, III, 316-2 
heat losses, m, 316-4 
passages in fuel bed, HI, 316-2 
rating, HI, 317-2 
shutting down, m, 312-4; 313-5 
starting, III, 312-4 
supporting fuel bed, m, 316-2 
tar disposal. III, 316-5 
tar extractors, m, 310-5 
types, III, 309-2 
up-draft pressure. III, 309-5 
up-draft pressure, operation, m, 312-j 
up-draft pressure, typical, m, 311-5 
up-draft suction, in, 310-2 
up-draft suction, operation, IH, 313-' 
up-draft suction, typical. III, 312-4 
wood fuel for. III, 314-2 
Production systems, V, 165-2 
accumulating materials, V, 168-4 
area required per employe, V, 171-5 
controlling engineering changes, V, 169-2 
controlling tools and patterns, V, 169-2 
decentralization, V, 170-2 
fluctuating stocks, V, 169-7 
following up materials, V, 168-2 
handling requisitions, V, z66-2 



Production systems, manufacturing pertain 
quantity, V, 169-4 

manufacturing schedules, V, 167-2 

material lists, V, 166-5 

ordering materials, V, 167-4 

organization, V, 165-5 

records, V, 171-4 

reports, V, 172-1 

routing apparatus, V, 166-4 

shop departments based on operations^ 
V, 171-7 
Profile books, H, 422-7 
Profile cutters, tempering, m, 519-4 
Profile grinding machine, V, 172-5 
Profile paper, H, 422-7 
Profiler, see ''Profiling machines" 
ProfiUiigf IV, 401-7; V, 172-5 

automatic pistol bolt, V, 175-7 

combination formers for, V, 174-5 

machines, see "Profiling machines" 

pistol frames, V, 175-2 

rifle action slide, V, 174-4 

rifle finger lever, V, 173-2 

rifle receiver, V, 174-5 

sear trip seat, V, 176-5 

with indexing former plate, V, 176-5 
Profiling machines, IV, 397-7; V, 172-5 

designating size, IV, 285-7 

double-spindle, V, 172-4 

semi-automatic, V. 176-4 
Progression, arithmetical, I, 124-4 

geometrical, ni, 406-4 

geometrical, table, IV, 272-5 
Progressive dies, definition, n, 364-5 
Progressive sliding gears, VI, 430-4 
Projectile, path of, ni, 102-7 
Projection drawing, n, 422-4 

anisometric, IV, 87-2 

first-angle, II, 423-5 

isometric, IV, 86-4 

oblique, IV, 87-7; V, 9-4 

orthographic, n, 422-4 

perspective, V, 8-5 

perspective and oblique, compared, V, 9-4 

third-angle, n, 423-5 
Projection welding, electric, VI, 496-2 
Prony brake, H, 513-4 

applied to steam engines, VI, 32-4 

modifications of, n, 515-7 

self -regulating, II, 515-4 

simple type, VI, 32-2 
Propdler keys, IV, 147-5 
Propellers of mond metal, IV, 430-2 
Proportion, V, 177-2 
Proportional dividers, n, 403-2 
Prosser method, VI, 340-4 
Protected electrical machine, definition, V, 

532-5 
Protecting devices for bearings, I, 300-7 

for feed-screws, I, 304-7 

for grinding machine slides, 1, 303-5 

for revolving bearings, 1, 302-4 

for slides, I, 300-4 

for slides, telescopic, I, 304-2 

roller-blind, I, 304-5 

types, I, 300-4 
Protection flanges for grinding wheels, III. 

475-4; 481-4 
Protection hoods for grinding wheels, ni, 

480-2; 482-7 
Protection of planer ways, V, 109-2 
Protective coatings, n, 21^-5 

for cast-iron pipes, n, 218-7 

for finished surfaces, IV, 519-4 

for furnace electrodes, m, 246-4 

for wire rope, V, 298-2 

Schoop process, V, 318-2 
Protractor, V, 178-4 

draftsmen's, n, 402-5 

method of setting, V, 179-2 

sbe, 1, 96-7; V, 366-4 
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Protractor, vernier, reading, V, 178-4 
Prussiaii blue, II, 215-4 

marking for scraping, V, 3x9-2 
Pnusiate of potash for casehardening, 11, 5-2 
Publication, articles for, I, 126-4 
Puddled iron, IV, 82-3; VI, SSS-^ 
Puddled steel, IV, 82-j 
Puddle rough rolling, VI, 559-4 
Puddling furnace, VI, 559-J 
Puddling process, VI, 559-2 

brief review, IV, 79-4 
Pull broaches, I, 507-j 
Pull-bushings, for broaches, I, 511-J 
Pull-button switch, VI, i6i-j 
PoUey, V, 180-7 

aluminum, planer, I, 84-4; V, 103-2 

arbor for turning, I, 113-2 

balancing machine for, I, 208-2 

block, see "PuUey block" 

cast iron for, II, 280-4 

cleaning, for belt drives, I, 318-4 

cone, design, 11, 184-2 

cone, when patented, VI, 419-4 

conical, variable-speed, VI, 420-2 

constant-speed drive, shaper, V, 420-4 

coverings for cast-iron, V, 180-4 

crowned, V, i8o-j 

crowning attachment, V, 447-2 

crowning by grinding, V, 180-4 

crowning in boring mill, 1, 475-2; V, 451-2 

crowning, taper attachment, VI, 192-2 

diameters, see "Pulley diameters" 

expending, variable-speed mechanism, 
VI, 4a6-j 

flywheel, m, 161-/; 162-1 

flywheel, molding, IV, 4x8-4 

form grinding, V, X80-4 

for rubber belts, size of, I, 328-j 

friction between belt and, I, 335-4 

gallows, I, 33 2- J 

head, in belt conveyors, 11, 201-4 

idler, for belting, application of, I, 337-j 

lathe, IV, 1 79- J 

lathe, designating size, IV, 284-2 

leather-covered, I, 334-2 

length of belt on, 11, X85-2; V, 183-2 

lubrication of loose, I, 293-j 

moldmg, IV, 41 7- J 

mule, I, 332-3 

prevention of accidents, I, ii-r 

rims, crowning, V, 180-j 

rope, center distances, V, 294-2 

rope, diameters, V, 294-j 

rope, grooves of, V, 293-4 

slip of belting on, I, 336-j 

snub, in belt conveyors, II, 202-2 

speeds, V, 182-/ 

taps, V, i8?-2 

V-groove brake, I, 483-2 

wire rope, dimensions, VI, 527-j 

wire rope, for power transmission, VI, 530-1 

wire rope, lining, VI, 529-2 
Pulley block, I, 382-2 

differential, I, 383-2 

working loads of chain, I, 382-j 

working loads of rope, I, 383-j 
Pulley diameters, V, 182-4 

diagram of, 11, 307-1 

for given speeds, I, 334-1 
for leather belting, I, 32X-2 
for rope, V, 294-z 

for wire rope power transmission, VI, 
S30-r 
Pulling devices for scraping, V, 320-4 
Pulling-type hydraulic jack, IV, 89-4 
Pull spring, V, 493-1 
Pull-type countershaft, 11, 226-j 
Pulsating current, 11, 536-2 
for gold refining. III, 40-2 
Pulsation in prime mover or alternator, V, 

531-' 



Pulsometer, V, 2x0-4 
Pulverized coal fuel, HI, 2x8-4 
cost of preparing. III, 2x9-1 
Pumice powder, III, 134-5 
Pumice stone for cleaning polishing wheel, 

V, 1 25-2 

Pumping, air-lift, V, 21 1-2 

Pumping engine, hot-air, I, 51-3 

Pumps, see "Pumps, air" and "Pumps for 

liquids" 
Pomps, air, I, 52-2 

centrifugal or turbo, I, 56-4 

combined air and circulating, I, $4-3 

design, I, 52-i 

dry-air, I, 52-2 

engine-type dry-air, I, 55-4 

for condensers, U, 178-4 

hydraulic vacuum, I, 58-j 

jet condenser, I, 55-2 

scavenging, for Diesel engine, II, 376-j 

used with barometric condenser, II, X77-J 

vacuum, I, 52-2 

wet-air, I, 52-2 
Pomps for liqoids, V, 183-4 

air chamber on, V, 189-4 

air-lift, V, 21X-2 

boiler feed, I, 395-4 

boiler power for steam, I, 422-4 

centrifugal, V, 200-4 

centrifugal, capacity, V, 207-2 

centrifugal, efficiency, V, 206-2 

centrifugal, motor drive, V, 209-2 

centrifugal, multi-stage, V, 203-2 

centrifugal, muiti-sta^^ balanring, V, 
205-2 

centrifugal, priming, V, 207-4 

classification, V, 185-j 

crank-and-flywheel, V, 198-2 

cylinder, size of, V, 194-2 

direct-acting, duplex, V, 187-j 

direct-acting, multiple-expansion, V, 189-j 

direct-acting steam, single, V, X85-J 

discharge pipe, V, 194-4 

driving, methods of, V, 208-2 
duty, V, 197-1 

force-feed, for graphite lubrication, IV, 
252-2 

for cutting lubricants, IV, 257-j 

for cutting lubricants, accessories, IV, 

258-1 
for oil circulation, I, 285-4 
for water cooling of engines, m, 299-1 
friction head, V, X96-J 
gas, Humphrey, V, 212-2 
head for condenser, V, 138-j 
hot-air engines, I, 51-j 
hydraulic ram, V, 209-4 
life of, n, 30S-J 
maximum lift, V, 184-2 
mechanical efficiency, V, 197-J 
motor drive, V, 208-j 
oil, designatmg size, IV, 286-j 
packing, IV, 518-2 
piping arrangement, V, 190-3 
piston, V, 19 1 -2 
piston, hydraulic jack, IV, 92-4 
plungers, V, 19 1-3 
power required, V, 195-2 
power-type, V, 198-3 
pressure head, V, 195-4 
priming, hand-operated, V, 208-j 
principle, V, 183-4 
pulsometer, V, 210-4 
reciprocating, discharging capacity, V, 

19s-/ 
reciprocating, motor drive, V, 208-4 
Riedler, V, 198-4 
rotary, V, 199-3 
screw type, V, 200-3 
steam consumption, I, 423-j 
steam-turbine driven, V, 209-j 



Pumps for liquids, suction pipe, V, 194-4 
temperature of water, effect on lift, V, 

X84-4 

turbine, V, 203-2 

valve, hydraulic jack, IV, 92-4 

valve motions, V, 185-4 

valves, V, 192-4 
Punched holes for rivets, V, 272-5 
Puncheon, liquid measure, VI, 464-2 
Pouches (see also "Punching machines"), 
V, 216-2 

attaching to holders, 11, 350-2 

center, cup or bell, II, 38-j 

center, for laying out, IV, 189-2 

clearance, II, 348-4; V, 216-j 

designating size, IV, 286-4 

difficulty met with in use, n, 355-4 

fitting, n, 349-5 

for backing out headless keys, IV, 145-2 

for cold-heading, II, 154-5 

for cold-heading sbtted screw-heads, II, 

155-^ 

for cold-trimming dies, 11, 498-4 

for copper, n, 350-2 

for extrusion of tubular shapes, HI, 85-/ 

for hot-trimming dies, II, 498-r 

for marking line intersections, IV, 220-4 

for perforating dies, V, 7-2 

guide pins for, II, 355-2 

hardening, II, 341-4 

holders for, n, 351-2 

locating in punch-holder, II, 352-5 

pack-hardening, II, 342-/ 

percentage of carbon in, I, 557-5 

inerdng, II, 351-5 

prick, n, 38-5 

quill, II, 3Sa-5 

sectional, II, 356-5 

shearing through die, II, 349-4 

shear of, II, 353-4 

steel for, II, 274-j; VI, 30X-2 

tempering, II, 342-2; HI, 5x9-4 

use of, for locating, IV, 221-/ 

warped in hardening, II, 342-2 

when to harden, II, 342-5 
Punching holes, pressure required, V, 2x6-2 
Punching machines, V, 2x4-5 

allowable bearing pressures, I, 309-4 

designating size, IV, 285-2 

double-ended, V, 2x6-7 

fl3rwheels for. III, 170-j 

flywheek for, simidified method of calcu- 
lation, m, X7X-4 

frame design, V, 21 3-1 

guards, V, 302-4 

hand-operated, V, 21 5-1 

horsepower, IV, 453-j 

hydraulic, IV, 35-2; V, 21 5-1 

lever-operated, V, 2x5-/ 

motor drive, IV, 45x-r 

multiple, V, 216-4 

multiple, pneumatically-controlled, V, 
217-2 

power-driven, V, 215-5 

punching presses, V, 151-2 

rating, V, X63-2 

thread rolling in, VI, 263-5 

tools for, V, 216-2 

use of air blast in, V, i6x-j 
Punching presses, see "Punching machines" 
Punching pressures, V, 2x6-2 
Punchings, armature, D. C. motor, IV, 

475-/ 
Punchings for burnishing, I, 525-/ 
Pimch marks, locating from, IV, 220-5 
testing accuracy of distance between, IV, 

190-5 
Puncture voltage, transformers, m, xo-4 
Purchasing machinery, IV, 316-5 
Purification of boiler feed water, 1, 400-5 
chemical, I, 405-1 
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Puxification of boiler feed water, purifiers, 

1,404-3 
"Purple" metal (copper), 11, 205-1 
Push-and-pull button switch, VI, 161-j 
Push-benches, IV, 34-4 
Push broaches, I, 507- j 
Push fits, ni, 144-5; 146-2 
Push*out chucks, II, 11 9-4 
Push-spindle grinding attachment, I, 341-J 
Push spring, V, 493-1 
Push-through dies, 11, 366-2 
Puzzolan cement, II, 36-2 
Pyramid, V, 217-2 

center of gravity, in, 430- j 

development, V, 358-1 

frustum, IV, 342-2 

frustum, center of gravity. III, 430-4 

intersections, V, 358-1 

mensuration, IV, 342-1 

moment of inertia, IV, 58-2 
Pyrite, IV, 85-2 
Pyrite copper smelting, n, 206-4 
Pyro, developer, V, 17-4 
Pyro-metalluigical method of refining cop- 
per, n, 204-4 
Pyrometer, V, 217-2 

Brown radiation, V, 2x7-4; 225-4 

calibration, V, 224-2 

calorimetric, V, 219-2 

characteristics, V, 219-1 

chart for annealing, I, loi-i 

classification, V, 217-2 

contraction, V, 219-j 

electric, m, 26-1 

F6ry absorption, V, 218-1 

F6ry radiation, V, 217-4; 226-2 

for determining critical points, m, 522-j 

Foster radiation, V, 226-2 

fusible cones, V, 218-2 

gas, V, 319-Z 

importance in hardening, III, 514-x 

influence of vibrations on, V, 224-2 

Le Chatelier optical, V, 2z8-z 

Mesure optical, V, 218-1 

Morse thermo-gage, V, 218-j 

Nouel optical, V, 318-1 

optical, V, 218-J 

paste, V, 218-4 

photometric, V, 218-J 

radiation, V, 217-4; 231-2 

radiation, applications, V, 226-J 

radiation, recent improvements, V, 226-2 

radiation, types, V, 225-4 

resistance, V, 217-4 

Seger cones, V, 218-2 

Sentinel, V, 218-2 

thermo-electric, see "Pyrometer, thenno- 
electric" 

value in hardening rooms, V, 219-4 

Wanner optical, V, 2z8-j 
Pyrometer, thermo-electric, V, 217-j 

calibration, V, 223-2; 224-2 

care of, V, 225-2 

correcting, V, 225-2 

leads, V, 222-2 

Le Chatelier, calibration, V, 223-2 

Le Chatelier, metal used, V, 220-4 

locating in furnace, V, 223-4 

measuring instrument, V, 221-j 

metals used in, V, 220-4 

principle, V, 220-2 

switches, V, 222-4 
Pyro stains, clearing solution, V, 18-J 
Pyrrhotite, IV, 489-4 

smelting, IV, 490-j 
Pyrrolin, n, $$-3 

Quadrant electrometer, m, 41-4 
Quadratic equations, III, 67-4; 69-4 
affected, solving. III, 70-J 



Quadratic equations, pure, solving. III, 

69-4 
Quadrature component, V, 529-2 
Quadric inch, V, 226-j 
Quart, VI, 464-2 

in liters, VI, 465-4 
Quaiter-crank blowing engines, I, 390-4 
Quarter hammers, I, 373-2 
Quartering attachments, V, 227-j 
Quartering machines, I, 479-2; V, 226-4 
Quarter phase, V, 10-3 

generator, m, 390-2 
Quarter-sawing of wood, IV, 536-4 
Quarter-turn belt drives, 1, 330-4 

substitutes for, I, 331-4 
Quarter, weight, VI, 464-j 
Quartz (silica), V, 366-j 

hardness. III, 527-j 

heat expansion, m, 541-4 

q)edfic gravity, V, 400-j 

specific heat, V, 401-4 

tube lamp, IV, 347-4 

weight per cubic foot, V, 400-j 
Queen's metal, V, 227-2 
Quenching, HE, 514-2 

baths for blanJking and drawing dies, n, 

341-' 

baths for gears, m, 379-j 

baths for high-speed steel, IV, 3-j 

baths for steel, HE, 514-2 

baths, tanks for. III, 515-4 

baths, temperature of, m, 524-2 

drop-forging dies, n, 492-^; 493-J 

high-speed steel, IV, 3-j 

manganese steel, IV, 322-5 

pack-hardened dies, IV, 516-j 

rolling mill rolls, V, 281-2 

steel, m, 514-2 
Quick-acting machinist's vise, VI, 439-2 
Quick-adjusting micrometer, IV, 362-2 
Quick-break lever switches, VI, 157-J 
Quick-change collet drill chuck, II, 431-4 
Quick change-gear lathe, IV, 170-2; 174-5 
Quick change-gear mechanisms, V, 408-2 

applied to tiuret lathe, V, 412-4 

circular type, V, 41 1-4 

sliding gear and clutch type, V, 410-4 

sliding-key type, V, 409-4 

sliding worm-wheel type, V, 4x1-2 
Quick-releasing clamping devices, II, 128-4 
Quick-return motion, shaper, V, 352-2 

Whitworth, VI, 504-4 
Quicksilver, IV, 346-4 
Quick-threading attachment, VI, 245-j 
Quill, bench lathe, I, 342-4 
Quill driver, bench lathe, I, 343-J 
Quill punches, n, 352-5 
Quintal, weight, VI, 464-5 
Quire, paper, VI, 465-j 

Rabbeted joint, IV, 543- j 

Races, ball-bearing, percentage of carbon 

in, I, 557-4 
Rack, V, 227-5 
cutting, V, 227-4 
cutting attachment, milling machine, IV, 

390-1 
cutting machines, V, 228-j 
cutting machines, designating size, IV, 

285-2 
for bar stock, V, 229-4 
for bar stock, for forge shops. III, 185-2 
gear, materials for, V, 514-2 

shaper, V, 343->; 349-^ 

straightening, V, 230-5 

teeth, broaching, I, 515-2 

teeth, odontograph for, HI, 428-2 

tool, for forge shops. III, 184-4 
Rack-and-lever jack, IV, 88-2 
Rack-cutter type of gear shaper, m, 342-4 



Radial bearings, I, 305-j 
ball bearings, 1, 210-4 
ball bearings, capacity, I, 21 x-5 
ball bearings, thrust capacity, I, 212-5 
ballbearings, thrust in, I, 212-j 
roller bearings, V, 275-5 

Radial drilling madhine, U, 456-5; 457-4 
application of, n, 443-2 
application of motor, IV, 446-4 
designating size, IV, 284-4 
feed mechanism, V, 418-4 
gear-box, V, 414-4 
horsepower, IV, 451-4 
post or wall type, II, 458-4 
roller and ball bearings, I, 220-j 
universal, II, 458-5 

Radial facing, IV, 184-5 

Radial-line method of devdopment, V, 

357-5 
Radial planing attachment, V, 93-J 
Radial roller bearing, V, 275-2 
Radian, V, 330-4 

equivalent in degrees, V, 231-1 
Radiating capacity of resistor, V, 264-4 
Radiation of heat, V, 231-j 

coefficients, III, 542-2 

in boilers, I, 419-5 
Radiation pyrometers, m, 26-2; V, 

217-4 
adjustable type, V, 225-4 
applications, V, 226-J 
Brown, V, 217-4; 225-4 
characteristics, V, 219-2 
F^ry, V, 217-4; 226-2 
fixed-focus, Foster, V, 226-2 
fixed-focus t3rpe, V, 225-4 
Radiators, steam consumption for heating, 

I, 423-^ 

Radical, in algebra, I, 61-5 
in chemistry, n, 95-2 

Radio-enameling process. III, 57-j 

Radiograph of blow-holes, VI, 562-2 

Radium, V, 231-2 

Radius, IV, 339-3 
bar for concave turning, V, 447-4 
bar for convex tiuning, V, 448-5 
boring attachment for turret lathe, V, 

449-^ 
boring-bar, V, 450-j 

of gyration. III, 489-4 

of gyration of sections, I, 265 

of oscillation, IV, 508-4 

of Whitworth thread, formula, VI, 268-2 
Rail, benders, for designating size, IV, 286-5 

magnets, IV, 205-j 

manganese-steel, IV, 324-j 

rolling, V, 284^2 

steel for, hardness, III, 528-2 

titanium steel, VI, 292-2 
Railings used to prevent accidents, I, 10-5 
Railway car axles, allowable pressures, I, 

310-2 
Railway negative return, methods of miti- 
gation of electrolysis. III, 31-5 
Railway shops, cross and longitudinal type, 

IV, 224-5 
Rake, top, for circular forming tools. III, 

200-4 
Ram, adjustment of stotter, V, 382-2 

boring mill, scraping, V, 322-j 

hydraulic, V, 209-4 

hydraulic accumulators, I, 16-5 

hydraulic press, IV, 37-5 

packing, hydraulic jack, IV, 93-j 

pressure and capacity of hydraulic presses, 
IV, 43-4 

shaper, V, 343-4 
Rammer, pneumatic hand, IV, 427-j 

molders', IV, 412-2 
Ranmiing machine, I, 496-J 

gravity, IV, 426-4 
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Ramming sand into molds, IV, 413-2 
Ramsbottom dutch, II, 134-4 
Ramsbottom piston zings, V, 81-1 
Ram's-hom test on wrought iron, VI, 557-1 
Rankine's formula, columns, II, 169-1 

combined stresses, VI, 106-3 
Ransom reinforced concrete, II, 175-1 
Raoult's method for finding atomic weights, 

n,94-5 
Rape oil, coefficient of friction, HI, 216-2 

effect on friction, in, 215-2 

specific gravity, V, 398-4 
Rapping bar, IV, 533-2 
Rapping devices for patterns, IV, 538-2 
Rare earth, thorium, VI, 233-x 
Rasps, m, lai-i; V, 231-j 
Ratchet, V, 232-j 

braces, designating size, IV, 286-2 

dial feed, press, V, 159-5 

drills, V, 231-j 

feed steadyrest, V, 549-2 

gearing, see "Ratchet gearing" 

pawls for brakes, I, 488-2 

pawls for crane brakes, 11, 251-5 

running, V, 232-4 

stock-feeding mechanism, turret lathe, 

VI. 356-4 

stop, micrometer, IV, 358-4; 364-4 

teeth, hob for, IV, 12-i 

teeth, pitch of, V, 234-1 

teeth, shape of, V, 233-4 

variable-speed mechanism, VI, 428-5 

wrenches, VI, 554-4 
Ratchet gearing, V, 232-j 

double-action, V, 233-1 

friction, V, 233-j 

multiple-pawl, V, 232-4 

reciprocating motion, V, 233-j 

reversible, V, 233-2 

teeth, hob for, IV, 12-5 

teeth, pitch of, V, 234-1 

teeth, shape of, V, 233-4 
Rateau steam turbine, VI, 47-J 
Rated current of transformer, V, 533-4 
Rated output of electrical machines, V, 

533-4 
Rated primary voltage of transformer, V, 

533-1 
Rate of combustion in boilers, I, 423-4 
Rate of evaporation in boilers, I, 423-4 
Rating, A. C. generator, HI, 395-5 

air compressors, I, 45-1 

alkaline batteries, I, 260-4 

boilers, I, 423-5 

D. C. generator, m, 402-4 

electrical machines, V, 533-4 

gas producers, m, 317-2 

lead batteries, normal, I, 358-1 

planers, V, 102-2 

punch presses, V, 163-2 

steam engines, VI, 5-1 

steam hammers. III, 182-2; 502-r 

storage batteries, I, 354-2 

variable-speed shunt motor, IV, 445-5 
Ratio, V, 177-5 

current, transformer, V, 533-r 

marked, transformer, V, 533-' 

of cylinders, compound engines, VI, 27-1 

of expansion, in engines, VI, 3-5; 27-5 

of gearing, III, 386-4 

of geometrical progression, IH, 406-4 

of slendemess, n, 169-2 

PoisBon's, VI, 108-J 

speed, of gearing, how to find. III, 388-1 

turn, transformer, V, 533-1 

voltage, transformer, V, 533-r 
Rat-tail fiies. III, 117-4 
Rawhide, V, 234-2 

belt lacing, I, 323-5 

bevel gears, I, 360-4 

fiber, IV, 66-4 



Rawhide, gears, V, 234-2; 512-5 

hammers. III, 498-4 

hammers, designating size, IV, 286-5 

lacing leather, specifications for, I, 321-4 

lubricant for drilling, IV, 254-1 
Raw-sulphide copper smelting, II, 206-4 
Rays, X-, or Rdntjsen, VI, 562-1 
Razors, steel for, n, 274-2 
Reactance, V, 235-2 

armature, A. C. generator, HI, 397-4 

bus-sectionalizing, V, 235-4 

coils, V, 531-^; 533-^ 

coils for converters, U, 193-2 

coils, rating, U, 194-/ 

compound-wound converters with. III, 
12-2 

condensive, 11, 540-4 

current-limiting, V, 235-5 

current-limiting, construction, V, 237-1 

current-limiting, rating, V, 236-5 

current-limiting, size, V, 336-4 

drop, V, 530-2 

feeder, V, 336-2 

generator, V, 335-4 

inductive, II, 538-2 

symbol, V, 539-5 
Reaction, armature, I, 135-4 

A. C. generator, HI, 397-5 

cause of sparking, IV, 479-4 

D. C. motor, IV, 478-2 
Reaction at the supports, VI, 104-1 

chemical, II, 95-4 
Reaction steam turbines, VI, 39-2 

Ailis-Chalmers, VI, 51-4 

definition, VI, 37-5 

impulse and reaction combined, VI, 39-2; 

56-r 

Parsons, VI, 51-1 

types, VI, 50-4 

Westinghouse-Parsons, VI, 54-5 
Reaction water turbines, VI, 44^-^; 448-x 

parts of, VI, 453-^ 

runners, VI, 449-2 
Reactive component, V, 539-2 
Reactive factor, V, s^-^ 

meter, III, 33-2 
Reactive-volt-ammeter, V, 533-5 
Reactive volt-ampere indicator. III, 33-2; 

V, 533-5; VI, 148-2 
Reactive volt-amperes, V, 539-2 
Reactivity meter. III, 33-2 
Reactor, V, 531-J; 533-2 
Reading, a micrometer, IV, 359-5 

a slide-rule, V, 374-4 

a vernier, VI, 438-7 
Reagent, definition, 11, 96-2 
Realgar, V, 337-2 
Reamers, V, 340-2 

adjustable. III, 506-2 

adjustable shell, V, 363-5 

blsides, percentage of carbon in, 1, 557-4 

breaking up flutes, V, 341-4 

bridge, I, 505-2 

center, II, 43-4 

center, pipe or bull, II, 43-2 

centers for, 1, 1 1 x-r 

chucking, II, 108-4 

classification, V, 340-2 

clearance, V, 344-j 

cutting edges, irregular spacing, V, 341-4 

designating size, IV, 386-1 

expansion. III, 506-2 

flutes, depth of, V, 343-2 

flutes, spiral, V, 343-5 

fluting, V, 340-4 

fluting cutters, V, 341-1; 343-2 

fluting cutters, designating size, IV, 386-J 

fluting, setting cutter, V, 341-2 

general requirements, V, 240-4 

grinding, V, 244-4 

grooved chucking, II, X09-2 



Reamers, hand. Ill, 505-2 

hardening, V, 245-2 

high-speed steel, hardening, IV, 3-2 

holders, adjustable, V, 240-x 

holders, floating, V, 237-2 

holders for automatic screw machines, 
I, 169-2 

inserted blade, HI, 506-4 

jobbers', IV, 143-2 

locomotive taper, IV, 239-1 

oversize before grinding, V, 245-j 

percentage of carbon in, I, 557-4 

pipe, V, 50-5 

rose. II, X09-J 

rose, application of, U, 444-4 

rose chucking, V, 398-5 

shell, V, 363-1 

steel used for, n, 374-j; V, 246-5; VI, 
301-2 

step, V, 346-2 

straightening, V, 345-2 

taper, V, 345-2 

taper, gages for, m. 374-x 

taper pin, VI, 180-5 

taper socket, V, 346-4 

tempering, HI, 519-4 

threaded-end, IH, 506-x 

types of, n, 440-X 

use of, in lathe, IV, 186-2 

"wood," for deep-hole drilling, 11, 454-2 
Reaming, n, 439-4 

arbor centers, 1, 133-2 

compared with grinding of cylinders, 11, 

295-^ 

feeds, 1, 169-X 

hammering machine dies, m, 498-x 

in automatic screw machines, I, 168-4 

in Uthe, IV, 185-4 

in turret lathe, VI, 371-5 

q)eeds, I, 169-X 

taper, in turret lathe, VI, 186-2 
Ream, paper, VI, 465-x 
Reaper file, application, HI, 133-4 
Reaumur's experiments, IV, 306-2 
Reaumur thermometer, V, 347-5; VI, 333-5 
Recalescence point, m, 521-2; IV, 78-5 
Receiver, air, I, 58-5 
Receiver, compound engines, VI, 37-x 
Receiver, rifle, profiling, V, 174-5 
Receptacle, plug switch, VI, 163-2 
Receptacles, for hydrofluoric add, V, 20-5 

for sulphuric acid, V, 3o-x 
Recess, arc of, in gearing, V, 519-2 
Recessed work, limit gage for, m, 374-5^ 
Recessing bar, I, 467-4 
Recessing tools, I, 169-5; 467-^ 

for automatic screw machines, I, 169-5 

for horizontal turret lathe, I, 467-2 

holders, 1, 17 1-2 

points in design, 1, 469-x 

speeds for, 1, 17 1-2 
Recharging permanent magnets, IV, 305-5 
Reciprocal ratio, V, 177-5 
Reciprocal, sensibility, scales, VI, 460-x 
Reciprocating air compressors, I, 34-2 
Reciprocating engines, types of, VI, 33-4 
Reciprocating motion ratchet gearing, V, 

233-5 
Reciprocating motion table surface grinder, 

ni, 439-4 
Reciprocating motion wheel surface grinder, 

in, 440-2 
Reciprocating pumiMi, V, 183-4 

air chamber, V, 189-4 

compensator, V, 189-5 

crank-and-flywheel type, V, 198-2 

cylinder, size of, V, 194-2 

definition, V, 185-x 

direct-actmg multiple expansion, V, 189-x 

direct-acting steam, duplex, V, 187-5 

direct-acting steam, single, V, 185-x 
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Reciprocating pumps, discharge pipes, V. 

194-4 

discharging capadty, V, 195-1 

displacement, V, 195-1 

duty, V, 197-r 

friction head, V, 196-r 

maximum lift, V, 184-2 

mechanical efficiency, V, 197-r 

motor drive, V, 20&-4 

piping arrangement, V, 190-5 

pistons, V, 191-2 

plungers, V, 191-j 

power required, V, 195-2; 196-2 

power-type, V, 198-3 

pressure head, V, 195-4 

principle, V, 183-4 

Riedler, V, 198-4 

suction pipes, V, 194-4 

valve motions, V, 185-4 

valves, V, 192-4 

water temperature, effect on lift, V, 184-4 
Reciprocating surface grinders, in, 441-4 
Reclaiming worn dies, II, 354-i 
Recording electrical instruments, m, 23-1 
Recording pyrometer, V, 221-j 
Recording tachometer, VI, 179-j 
Records, power station, V, 143-^ 

production system, V, 171-4 
Rectangle, V, 248-r 

hollow, moment of inertia, I, 265-4 

hoUow, radius of gyration, I, 265-4 

hollow, section modulus, I, 265-4 

mensuration, IV, 338-2 

moment of inertia, I, 265-4 

polar moment, VI, 106-j 

radius of gyration, I. 265-4 

section modulus, I, 265-4 
Rectangular co^Srdinates, I, 5-4 
Rectangular drawing dies, II, 413-r 

clearance, 11, 415-2 

drawing operations, number of, n, 41 5- j 

laying out, II, 41 5-' 

sectional, 11, 414-j 

shape of blanks, n, 416-2 
Rectangular flat plates, strength of, m, 

154-J 
Rectangular parts, trimming drawn, 11, 

417-4 

Rectangular plate, stopping off, in molding, 

IV, SA9-I 
Rectangular shells, flanged, blanks for, 11, 
417-J 

taper, blanks for, U, 417-2 
Rectifiers, mercury arc, V, 248-r 

for lighting circuits, II, 55 2- j 
Rectilinear cranes, II, 232-5; 233-1 
Re-cut, in file making, m, 120-4 
Red brass, I, 490-1 

composition, I, 494-4 

for brass foundry, I, 494-5 
Red composition alloy, I, 71-2 
Red gum as fuel, in, 219-2 
Red hardness of steel, IV, i-i 
Red hematite, IV, 85-j 
Red lead, n, 215-4 

lathe center lubricant, IV, 251-2 

marking for scraping, V, 319-2 
Red oak, specific gravity, V, 399-r 

weight of cord, V, 401-j 

weight per cubic foot, V, 399-r 
Red oxide of mercury, IV, 347-r 
Red phosphorus, V, 12-5 
Red pine, weight per foot, V, 401-2 
Redrawing dies, II, 368-2 

drawing edges, II, 407-j 
Red shellac, IV, 538-4 
Red-short iron, VI, 555-i 
Reduced oils, IV, 245-j 
Reducer, pipe fitting, V, 45-2 
Reducing agent, definition, II, 98-1 
Reducing fittings, V, 37-4 



Reducing fittings, laterals, American stand- 
ard, V, 39- j; 40-2 

tees, American standard, V, 38-j: 40-1 
Reducing presses, V, 153-j 
Reducing valves, pressure, VI, 387-r 
Reduction of area, VI, 96-4 

determining, VI, 227-4 
Red-wood, as fuel, ni, 219-2 

for transmission-line poles, VI, 316-4 
Reference gages. III, 271-2 
Reference lines for machine foimdations, 

in, 206-5 
Reference length standards, V, 543-2 
Reference thread gages, m, 272-4 

A. S. M. E. machine screw, VI, 273-4 
Refined iron, VI, 555-2 

cast iron, IV, 82-5 

manufacture, VI, 558-4 

wrought iron, IV, 79-4 
Refineries, electrol3rtic, copper, capacity of, 

m, 33-J 

silver, IH, 39-j 
Refining of metals, electrolytic, m, 33-2 

copper, m, 33-5 

copper, plant for, m, 35-4 

gold, m, 39-4 

iron, ni, 40-4 

lead, ni, 40-5 

silver, IH, 38-j 
Reflecting electrodynamometer, m, 17-2 
Reflecting galvanometers, m, 16-2 
Reflecting goniometer, m, 419-j 
Reflector, electric light, n, 554-4 
Reflector, spinning, V, 458-2 
Re-fluting worn cutters by grinding, n, 

290-1 
Refractory materials, furnace, m, 238-r 
Refrigeration, boiler horsepower, I, 423-7 
Regenerative chambers, open-hearth fur- 
nace, IV, 507-2 
Regenerative crucible furnace, n, 271-2 
Regenerators, furnace, m, 239-4 
Register ton, VI, 464-1 
"Re-grinding" valve, VI, 384-2 
Re-grindmg worn cylinders, n, 299-2 
Regular lay rope, VI, 523-2 
Regular polygons, V, 127-5 

mensuration, IV, 339-J 

table, V, 128-2 
Regulating and feeding devices for boilers, 

I. 395-4 

Regulating motor used with induction 
motor, IV, 469-4 

Regulating-iwle converter, n, 194-2 

Regulation, electrical, V, 536-4 
A. C. generator, O, 396-4 
A. C. motor, n, 187-4 
armature, of motors, IV, 444-1 
balancers, IV, 459-4 
D. C. motors, II, 187-2 
synchronous condensers, n, 183-5 
synchronous converters, defective, ni, 

12-2 
voltage, for given energy loss, VI, 314-4 

Regulators, air compressor, pressure, I, 

40-4 

automatic voltage, in, 5-5 

boiler feed, V, 135-1 

contact voltage, V, 533-^ 

drill speed, n, 464-2 

induction, converters with, ni, 12-2 

induction, for converters, H, 193-r 

induction, transformer, VI, 310-5 

induction voltage, V, 533-^ 

magneto voltage, V, 533-2 

slip, IV, 437-4 

Thury, VI, 287-5 

transformer, VI, 310-5 

voltage, V, 533-2 
Reid ball-pressing machine, I, 229-2 
Reinforced butted joint, IV, 543-2 



Reinforced concrete, n, 174-2 

factory buildings, in, 96-4 

foundations, in, 206-2 

poles, VI, 31S-4 

systems, n, 175-r 
Relative velocity, VI, 436-5 
Relays, see "Relays, A. C," and "Relays, 

D. C." 
Relays, A. C, V, 249-5 

application. V, 256-4 

classification, V, 249-5 

for generators, V, 256-4 

for separate feeders, V, 257-j 

for substations, V, 257-4 

for tie lines in parallel, V, 257-5 

for tic lines, single, V, 257-2 

inverse time-limit, V, 253-5 

inverse time-limit overload, V, 254-r 

primary, V, 251-4 

secondary, V, 253-1 

secondary, balanced-current, V, 255-2 

secondary, differential, V, 255-2; 256-5 

secondary, low-voltage, V, 255-4 

secondary, open-phase, V, 255-r 

secondary, overload, V, 253-j 

secondary, over-voltage, V, 255-4 

secondary, potential, V, 255-5 

secondary, reverse-current, V, 256-j 

secondary, reverse-phase, V, 255-5 

secondary, reverse power, V, 256-2 

secondary, signal, V, 256-j 

secondary, time-limit, V, 254-r 

secondary, underload, V, 255-r 

series, open-phase, V, 252-4 

series, overload, V, 251-4; 252-5 

series, reverse-phase, V, 252-^ 

series, underload, V, 252-5 

testing, V, 256-4 
Relays, D. C, V, 249-5 

application, V, 256-4 

armature type, V, 249-4 

balanced-voltage potential, V, 250-2 

bell-alarm, V, 251-2 

calibration, V, 251-4 

classification, V, 249-5 

control, V, 250-4 

for separate feeders, V, 257-/ 

for substations, V, 257-4 

for tie lines in parallel, V, 257-5 

for tie lines, single, V, 257-2 

instantaneous, V, 250-2 

interlocking, V, 251-2 

low-voltage potential, V, 250-r 

over-voltage potential, V, 250-2 

polarized type reverse-current, V, 251-5 

potential tripping, V, 250-5 

reverse-current, V, 251-2 

series, overload, V, 249-4 

series, underload, V, 250-1 

agnal, V, 251-2 

solenoid type, V, 249-4 

testing, V, 256-4 

time limit, V, 250-2 
Release, point of, in engines, VT, 3-4 
Releasing clamping devices, n, 128^4 
Releasing die- and tap-holder, VI, 368-5 
Relief, compression, of gas engines, JIT, 

285-4 
Relief mechanism of cherrying head, IV, 

399-2 
Relief mechanism of forging machines, in, 

187-4 
Relief on Tools, V, 258-4 
gear hobs, IV, 14-2 
hand taps, ni, 508-2 
machine taps, IV, 268-2 
reamer teeth, V, 244-1 
tap, con-eccentric, VI, 206-4 
taper taps, V, 52-5 
tapper taps, VI, 194-J 
tap threads, VI, 204-5 
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Kelief on too]s» twist drills, II, 466-j; 466-4 
Relief polishing, IV, 351-5 
Selteving, V, 358-4 

attachments, see "Relieving attach- 
ments" 

forces for embossing dies. III, 176-2 

in lathe, see "Relieving in lathe" 

lathe, IV, 180-1 

mechanism of gear shaper, HI, 342-2 

taps, VI, 219-2 

tool for hobs, IV, 15-r 

tools, see " Relief on tools" 
Relieving attachments, V, 258-4 

application, V, 260-4 

arrangement, V, 258-4 

operated by cam in tool-slide, V, 259-4 

operated by oscillating eccentric, V, 260-2 

spiral compensating mechanism, V, 264-1 

types, V, 259-^ 
Relieving in lathe, V, 261-4 

attachments, V, 258-4 

attachments, application, V, 260-4 

hobs with spiral flutes, V, 263-1 

inside, V, 262-2 

position of tool-slide, V, 261-2 

speed, V, 261-2 

taper work, V, 262-j 

tape, V, 261-4 

worm-wheel hobs, V, 262-4 
Re-lining locomotive cylinders, IV, 225-2 
Reluctance, IV, 501-4; V, 264-j 

magnetic, II, 529-i 

of magnetic circuit, II, 529-4 

symbol, V, 529-4 
Reluctivity, V, 8-2 

Remelting cast iron, effect of, II, 280-4 
Remote control switches, VI, 160-4 

oil, VI, 172-4 
Removable blade cutter head, for deep-hole 

drilling, II, 450-1 
Removable bushings, IV, 96-4 
Removing metal, power required for, IV, 

408-4 
Rennerfelt furnace, in, 241-4 
Renold chain, joints for, n, 71-2 
Repairing hydraulic jacks, IV, 92-j 
Repair work, locomotive, IV, 224-j 
Repeated stress test, VI, 225-1; 231-j 
Replacement value, 1, 104-j 
Reports on engineering subjects, preparing, 

I, 126-4 
Reports, production system, V, 172-j 
Repose, angle of, in, 214-j 

friction of, m, 214-4 
Repulsion electric measuring mstruments, 

m, 18-4 
Repulsion electrometer, in, 41-5 
Repulsion-induction motor, IV, 474-i' 
Repulsion motor, IV, 473-4 
Requisitions, handling in shop, V, 166-2 
Re-roUing wrought iron, VI, 560-5 
Resawlhg machines, motor drive, IV, 440-/ 
Reservoir tor oil, electric substation, V, 

148-5 
Residual magnetism, n, 530-5 

reversed, in generators, m, 3-4 

weak, in generators, m, 4-1 
Resinous impregnating compounds, IV, 67-4 
Resins, insulatmg, effect of temperature, 
IV, 61-4 

insulating value, IV, 61-4 
Reastance, electrical, n, 533-1; IV, 

501-4 
arc welding, VI, 499-2 
ballast, Nemst lamp, IV, 488-5 
copper wire, table, IV, 300-j 
drop, V, 530-2 

furnaces, see "Resistance furnaces" 
in multiple, II, 533-2 
in parallel, II, $33-^ 
in series, n, 533-2 



Resistance, electrical, in shunt, II, 533-^ 

manganese steel, IV, 324-4 

measuring by agometer, I, 27-5 

measuring instruments, ni, 25-2 

method for determining generator tem- 
perature, in, 396-J 

of voltmeters. III, 20-5 

potential drop due to, n, 537-5 

pyrometers. III, 26-1; V, 217-4 

P3rrometers, characteristics, V, 219-2 

specific, V, 264-5 

^rmbol, V. 529-5 

synchronizing, VI, 179-r 

unit of, n, 532-4; IV, 501-4 

welding process, VI, 232-4; 483-2; 485-2 

wire, Calido, I, 527-2 

wire, constantan, II, 185-2 

wire, platinoid, in, 412-2 

wire, therlo, VI, 232-5 
Resistance fomaces, m, 241-/; 248-5 

advantages, m, 251-4 

Baily, m, 254-5 

brass melting, m, 255-5 

hardening. III, 249-2 

Hoskins, in, 252-4 

operating cost, in, 252-2 

operating cost of oven-type, m, 253-4 

oven type, in, 253-2 

salt-bath, ni, 249-r 

salts for salt-bath, III, 251-r 

types, in, 248-4 

zinc smelting. III, 255-2 
Resistance, moment of, VI, 104-2 
Resistance of air in flywheels, in, 172-2 
Resist, for etching. III, 70-4 

for graduating, in, 423-2 
Resistivity, n, 533-'; V, 264-5 

symbol, V, 529-5 
Resistor, V, 264-5 
Resolution of forces, m, 173-1 
Resonance, V, 264-4 

A. C. generators, Ul, 5-4 
Rest periods, in time-study, VI, 288-5 
Resultant of forces, in, 173-1 
Resuscitation from electric shock. III, 26-5 
Retaining brakes, I, 484-2 
Retarded motion, IV, 43 2- r; 433-J 
Retorts, for annealing furnaces, materials 
for, in, 224-2 

oxy-acetylene welding of, VI, 480-4 

zinc, cleaning, VI, 565-7 
Retrograde vernier, V, 265-r 
Return-flow turbine, Terry, VI, 50-4 
Return motion, Whitworth, VI, 504-4 
Return traps for boiler feeding, I, 396- 1 
Return tubular boilers, in power plant, V, 

133-4 
Reverberatory furnaces, HI, 227-x 

firebrick for, in, 138-4 

for copper, II, 205-4 

for steel castings, n, 31-4 

melting, in, 226-r 
Reversal of trolley polarity, m, 32-r 
Reverse-current relays, V, 251-2; 256-7 
Reverse-current trip for circuit-breakers, 

n, 118-7 
Reverse-lay rope, VI, 524-7 
Reverse-phase relasrs, secondary, V, 255-5 

series, V, 252-4 
Reverse power relays, V, 256-2 
Reversible electric roll drive, V, 286-2 
Reversible engine, setting valves, VI, 391-4 
Reversible ratchet drill, V, 232-2 
Reversible ratchet gearing, V, 233-7 
Reversing clutch kesrseater, IV, 153-j 
Reversing countershaft, n, 227-7 
Reversing mechanisms, VI, 84-4 

gear-cutter, VI, 89-4 

grinding machine, VI, 89-2 

load-and-fire, VI, 89-5 

miscellaneous, VI, 90-4 



Reversing mechanisms, planer, V, 95-5; 

VI, 90-4 

pneumatic clutch for Blotters, V, 385-7 

shaper, VI, 90-5 

trip and reversing, VI, 89-2 
Reversing motor drive for planers, V, 101-4 
Reversing switches, instrument, VI, 165-4 
Revolving-cylinder type engines, III, 394-7 
Revolving field, A. C. generator, ni, 393^ 
Revolution counter, VI, i8o-7 
Revolution, solid of, volume, ni, 488-5 

surface of, area, ni, 488-2 
Rex, I, 5-7 

Reynold's bristol board, II, 432-r 
Reynold's pump, V, 203-5 
Rheostat, n, 534-2 

agometer, I, 27-5 

control of A. C. motors, n, 187^4 

liquid, hand-operated, II, 189-2 

liquid, power-operated, II, 189-5 

rope, VI, 530-4 

starting, n, 187-7 

switches, VI, 165-2 
Rhode Island machine industry, IV, 270-5 
Rhodium, V, 265-7 

melting point, IV, 335-2 
Rice chaff, heat insulating value, ni, 542-5 
Richardson steel ball grinder, I, 233-4 
Richards shaper (side planer), V, 350-4 

designating size, IV, 384-5 
Riddles, molders', IV, 413-2 
Ridgeway steam turbine, VI, 47-7 
Ridge welding, electric, VI, 496-5 
Riding cut-off valve, VI, 11-7 

setting, VI, 395-7 
Riedler pump, V, 198-4 

express pump, V, 199-5 
Rifflers, III, 133-5 

designating size, IV, 386-2 

for die-sinking, n, 488-4 
Riffling in die-sinking, II, 48S-4 
Rifle, action slide, profiling, V, 174-4 

barrel drill, n, 452-7 

finger lever, profiling, V, 173-2 

parts, polishing, V, 136-5 

receiver, profiling, V, 174-5 
Right angle, IV, 336-4 

bevel gears, formulas, I, 355; 356-7 
Right-angled triangle, IV, 337-5 

formulas for, IV, 337-4 

in geometry, m, 408-5 

solving, formulas, VI, 338 
Right-hand milling cutters, IV, 402-4 
Right-hand taps, relieving, V, 261-4 
Right-lay rope, VI, 523-4 
Right triangle (see also "Right-angled tri- 
angle"), IV, 337-5 
Right-twist rope, VI, 530-4 
Rigid steadyrest for grinding, V, 547-2 
Rim, crane gears, II, 357-2 
Rim, flywheel, VI, 35-4 

for gas and oil engines, m, 169-2 

for steam engines, ni, 168-2 

joints in, m, 164-5; 165-2; 166-2 

stresses in, ni, 166-4 

test of joints, ni, 165-2 

thickness of, in, 167-2 
Rim, puUey, crowning, V, 180-5 
Rim rest in gear-cutting machines, m, 338-2 
Ring, circular, IV, 340-7 

center of gravity, III, 430-7 

sector of, IV, 340-2 
Ring, electric welding of, VI, 489-5 
Ring, engine packing, VI, 33-7 
Ring gages, m, 370-5 

allowances, in, 371-7 

for slight tapers, in, 374-7 

for taper taps, V, 53-5 

lap for, IV, 160-5 
Ring main piping system, V, 58-4 
Ring oiling, I, 283-2; 318-7 
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Ring ofling, bearing, mandrd for babbitting, 

I, 20Z-4 

chain oiling, 1, 314-3 
Ring, piston. V, 79-*; 79-3 
Ring spindles, lubrication, IV, 246-2 
Ring, stresses in loaded, V, 265-J 
Ring, torus, VI, 301-j 

mensuration, IV, 345-J 
Ring valve for air compressors, I, 39-5 
Ring-weight accumulator, I, 14-2 
Ring-weight design for accumulator, I, 17-4 
Ring wheel grinders, II, 387-r 

designating size, IV, 285-1 
Ring wheels, grain and grade of, 11, 387-5 
Ring-wound armature winding, HI, 401-5 
Risers in molds, IV, 414-j 
Rising hinge, V, 301-4 
Riveted belt joints, strength of, 1, 336-J 
Riveted joints, V, 268-4 

British practice, V, 272-3 

butt-joints, proportions, V, 270-j; 272-z 

calking, I, 528-4 

classification, V, 269-5 

dimensions of rivet heads, V, 269-4 

efficiency, V, 270-4 

elastic limits, V, 272-a 

for boilers, I, 427-5 

formulas for, V, 271 

pitch of rivets, V, 269-4 

punched holes for, V, 272-j 

rivet diameters, V, 270-5 

rivet length for Yuad, V, 269-j 

rivets, V, 268-4 

rivet spadng, V, 270-5 

rivet steel, V, 269-2 

steam boiler, V, 272-2 

strength, V, 270-4 

weight of seams, V, 272-2 
Riveted pipe, V, 24-4 

joints, V, 48-1 
Riveters (see also '^Riveting machines ")# 

V, 265-2 
Rivet forging dies, I, 452-4 
Rivet forging machines, I, 450-4 

continuous motion, I, 451-4 
Rivet holes for aluminum, I, 88-4 
Rivet holes, tools for punching, V, 214-5 
Riveting air storage tanks, I, 59-4 
Riveting aluminum, I, 88-5 
Riveting machines, V, 265-2 

classification, V, 265-2 

designating size, IV, 285-5 

electric, V, 267-4 

hanuner type, V, 268-j 

hydraulic, V, 266-2 

hydraulic, cylinder, V, 266-5 

hydraulic toggle, V, 266-4 

hydropneumatic, V, 265-4 

internal combustion, V, 267-1 

pneumatic, V, 265-5 

riveters, V, 265-5 

rivet-spinning, V, 26S-2 

rotary vibrating, V, 268-5 
Riveting or homing press, V, 154-r 
Riveting, single and double, V, 269-5 
^ Riveting specifications for boilers, I, 444-4 
>^ivetlng with electric welding machine, VI, 

\ 492-1 

«vet iron, boiler, specifications, I, 437-2 
V«t8, V, 268-4 
(ritish practice, V, 272-5 
strength, V, 27 2-1 
leters, V, 270-5 
snsions of head, V, 269-4 
luminum, I, 88-5 
ilers, material, I, 432-5; 432-4 
head, V, 268-4 
power, V, 272-2 
id power-driven, V, 267-5 
^braces, I, 442-4 
forming heads, V, 269-j 




Rivets, location of, in boiler seams, I, 439-5 

nickel steel, IV, 496-/ 

pitch of, V, 269-4 

proportions of head, V, 268-4 

punched holes for, V, 272-5 

riveted joints, V, 269-1 

riveted joints, formulas, V, 271 

riveting machines, V, 265-2 

spacing, V, 270-5 

steel, I, 434-^; V, 269-2 

wrought iron, testing, VI, 557-2 
Rivet sets, percentage of carbon in, I, 557-4 

steel for, VI, 301-2 
Rivet-spinning machine, V, 268-2 
Rivet steel, specifications for boilers, I, 

434-^ 

strength of, VI, 98-5 
Rivett-Dock thread-cutting tool, VI, 280-2 
Rjn.s., definition, V, 528-4 
Roasting ore, I, 526-2 

iron, IV, 86-2 
Roberts' planer, IV, 280-2 
R&chling-Rodenhauser furnace. III, 247-4 
Rock drills, electric, IV, 439-2 

pneumatic, air pressures in, I, 31-5 
Rocker-arm clutch, V, 156-1 
Rocker joint, chain, II, 70-5 
Rocking grate for boiler furnaces, I, 411-j 
Rocking idler planer drive, V, 98-2 
Rock-over molding machine, IV, 425-4 
Rocks, bearing capacity of, for foundations, 

in, 209-T 
Rock wool, IV, 409-5 
Rod-casting machine, V, 272-4 

molds, V, 273-5 

production, V, 274-5 
Rod, connecting-, engine, VT, 15-4 

connecting-, locomotive, IV, 233-4; VI, 

17-1 
main-, locomotive, IV, 235-2 
puton, engine, proportioning, VI, 35-1 
side, locomotive, VI, x8-r 

Rodding cores, II, 2x0-2 

Rod-follower, turret lathe, VI, 357-4 

Rod gages, designating size, IV, 287-j 

Rod-heating furnace. III, 228-j 

Rodinal, developer, V, 17-2 

Rod in rolling mill practice, definition, V, 
284-/ 

Rod, length measure, VI, 463-4 

Rod mill, application of herringbone gears, 

III. 5S3-5 
Rod mill, brass, I, 498-5 
Rod packing, engine, VI, 22-1 
Rod, square, equivalents, VI, 464-j 
Rod, surveyor's leveling, VI, 130-2 
Rod, wire, VI, 519-5 
Roebling wire gage, VI, 507-4 

music, VI, 509-5 

table, VI, 508-1 
Rogers flat-head wood-screws, V, 328-4 
Roll, see "RolU" 

Roll corrugating tools, steel for, 11, 274-2 
Rolled forgings, machine for, I, 226-4 
Rolled latten, IV, 188-5 
Rolled pipe joint, V, 48-2 
Rolled plate wire, VI, 136-1 
Rolled platinum, melting point, IV, 335-5 
Rolled structural channels, II, 81-1 
Rolled zinc, melting point, IV, 335-4 
Roller arbors, I, 12 1-5 
Roller back-rest, for turning tool, VI, 347-r 

turner, VI, 369-4 
Roller-bearing drill chuck, 11, 430-4 
Roller bearings, V, 274-4 

care of, V, 278-r 

comparison with ball, I, 210-1 

early types. V, 274-4 

efficiency of, m, 215-4 

friction, V, 277-4 

Hyatt, V, 275-2 



Roller bearings, Johnson, V, 275-4 

loads, V. 278-j 

radial and thrust, combined, V, 275-5 

radial load, V, 275-1 

taper, V, 275-4 

thrust, V, 276-2 

thrust, large size, V, 277-2 

thrust, tapered rollers in, V, 277-2 

Zahn, V, 275-4 
Roller-blind guards for slides, I, 304-5 
RoUer chain, n, 61-5 

efficiency, ni, 216-r 

horsepower, II, 64-1 

sprockets, II, 63-j 

sprockets, diameters, II, 66-r 

sprocket shaft diameters, II, 66-5 

tension, n, 66-5 

, velocity, II, 66-5 

working load, 11, 63-4 
Roller feeding mechanism, turret lathe, VI, 

357-^ 
Roller grate for boiler furnaces, 1, 41Z-2 
Roller- jaw dutch, V, 156-4 

automatic, V, 157-1 
Roller molding machine, IV, 426-4 
Rollers for flat wire making, VI, 5x4-5 
Rollers, tapered, in thrust bearings, V, 277-2 
Roller-type tube expander, VI, 340-4 

percentage of carbon in, I, 557-4 
Roll feeding mechanism, press, V, 158-2 
Roll grinding, V, 278-2 

calender roll machine, V, 279-2 

Lobdell, V, 279-2 

Poole machine, V, 278-5 
Roll grooves, V, 283-2 
Roll hardening, V, 280-4 
Rolling, aluminum, I, 86-5 

ball blanks, I, 227-5 

ball blanks, die for, I, 227-j 

continuous, pipe, VI, 336-/ 

friction, m, 214-5; IV, 332-2 

gap* VI, 335-^ 

gear teeth in blanks. III, 333-4 

levers, I, 541-r 

manganese steel, IV, 323-4 

mills, see "Rolling mill" and ''Rolling 
mill, brass" 

pilger, VI, 335-^ 

planimeter, V, ixo-i 

process, crudble steel, II, 273-5 

process, pipe, VI, 335-^ 

process, Swedish, pipe, VI, 336-r 

puddle, VI, 559-4 

stamping dies, V, 524-5 

tap threads, VI, 218-j 

temperature, wrought iron, VI, 561-5 

threads, see "Rolling threads" 
Rolling miU, V, 282-1 

application of herringbone gears, in, 

550-5; 553-5 
billet and bar passes, I, 369-2 
brass, see "Rolling mill, brass" 
drive, reversible, V, 286-2 
dectric drive, V, 284-4 
flywheels, III, 16 1-4 
for wrought iron, VT, 560-j 
gears, V, 281-4 
heating furnace, V, 283-1 
micrometer, IV, 366-5 
motors, V, 286-4 
operations, V, 283-2 
power required, V, 284-5 
products, V, 284-r 
rolls, V, 280-4 
rolls, dressing, V, 289-5 
rolls, grinding, V, 278-2 
rolls, grooves in, V, 283-2 
rolls, hardening, V, 280-4 
rolls, hardness test, V, 281-4 
rolls, materials for, V, 280-4 
rolls, pressure^ V, 284-5 
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Rolling mill, rolls, tumtng, V, 287-j 

types of, V, 2S2'2 
Rolling min, braM» I, 497-2 

cradbles, I, 497-;? 

dies for tube drawing, I, 499-4 

dnw-benches, I, 499-1 

fluxes, I, 497-4 

fuels, I, 497-2 

furnaces, I, 497-2 

Mannesmann process, I, 498-4 

melting, I, 497-i 

molds, I, 497-J 

pouring, I, 497-J 

rod mill, I, 49S-2 

sheet rolling, I, 498-r 

tube drawing operations, I, 498-4 

tube min, I, 498-2 

wire mill, I, 493-J 
Rolling threads, VI, 261-1 

advantages, VI, 264-1 

automatic feed for blanks, VI, 262-4 

in automatic screw machines, I, 173-4 

in punch press, VI, 263-j 

principle of process, VI, 261-4 

range of application, VI, 264-j 

speed of, VI, 264-2 

with flat dies, VI, 261-j 
Roll-over and jarring machine, combination, 

IV, 426-2 
Roll-over molding machine, IV, 425-4 
Roll pressure in rolling mills, V, 284-j 
Roll-releasing mechanism of drop-hammers, 

n, 505-1 
Rolls, bendmg, I, 343-3 

bending and straightening, horsepower, 

IV, 452-4 
chilled, V, 289-2 
chilled cast-iron, speed for turning, V, 

433-4 
chilled cast-iron, tools for, IV, 7-j 

corrugated, planing attachment for, V, 

93-^ 

for channeling, n, 78-5 

for channeling, la:^ng out, II, 80-2 

for wrought iron, VI, 560-1 

grooving tools for, V, 288-j 

rolling mill, see "Rolling mill" 

sand, V, 289-2 

semi-steel, V, 289-2 

steel, V, 289-2 
Ron taming, V, 287-j 

application of tools, V, 288-j 

classes of rolls, V, 289-2 

dressing rolls, V, 289-j 

groove allowances, V, 289-2 

lathe, V, 287-4 

setting tools, V, 289-r 

speeds and feeds, V, 289-2 

tools, steel for, II, 274-2 

tools used, V, 288-2 
Roman pewter, V, 10-2 
Ronay process for briquetting metal chips, 

I, 505-4 
Rdntgen rays, VI, 562-1 
Roofing tin, VI, 223-4 
Roofs, factory buildings. III, 95-4; xoo-2 

steam power plants, V, 131-4 
Root blower, pbton design, I, 388-4 
Root diameter, British fine screw thread, 

VI. 269-J 

French thread, VI, 27^-2 

International thread, VI, 275-5 

spur gearing, V, 502-r 

U. S. thread, VI, 265-j 

V-thread, VI, 266-j 

Whitworth thread, VI, 268-.? 
Root-mean-square, definition, V, 52S-4 
Root rotary blower, I, 387-4 
Roots of numbers, III, 203-4 

cube, n, 274-i 

cube, on slide-rule, V, 380-2 



Roots of numbers, extracting by logarithms, 
IV, 242-4 

extracting cube, II, 274-4 

extracting square, V, 519-j 

in algebra, I, 61-2; 64-4 

SQuare, V, 519-2 

square, on slide-rule, V, 379-2 
Root siural riveted pipe, V, 25-2 
Rope (see also ''Rope, wire")* HI, 543-4; 
IV, 325-^; VI, 520-2 

blocks, woridng loads, 1, 383-5 

compared with leather and steel belts, I, 
329-2 

cotton, V, 294-5 

cotton, horsepofwer transmitted, V, 296-/; 
296-5 

crane, I, ix-4 

drive, see "Rope transmission" 

driving, lubrication, V, 294-4 

drums, wire, VI, 531-5 

four-strand, V, 294-4 

heat-insulating value, HI, 542-5 

hemp, in, 543-4 

hemp, compared with wire rope, VI, 520-2 

hemp, strength, IV, 325-2 

-lay cable, 11, 184-J 

Manila, IV, 325-2 

Manila, for hoisting, 11, 56-4 

Manila, for power transmission, V, 294-5 

paper, electric insulating, IV, 66-2 

paper, insulating value, IV, 61-4 

power transmission, V. 294-5 

pulley center distances, V, 294-2 

puIlQT diameters, V, 294-1 

pulley grooves, V, 293-4 

safe loads, 11, 59-^ 

sag of, V, 294-4 

splicing, see "Rope splicing" 

stretch of, V, 294-4 

three-strand, V, 294-4 

transmission, see "Rope transmission" 

wire, see "Rope, wire" 
Ropene paper, dectric insulating, IV, 66-2 
Rope s^dng, V, 289-5 

English transmission splice, V, 290-4 

eye-splice, V, 290-5 

long splice, V, 290-7 

securing the ends of the strands, V, 292-5 

short splice, V, 289-4 

transmission rope, V, 290-4 

wire rope, V, 291-2 
Rope transmission, V, 292-4 

alignment of shafts, V, 295-j 

American S3^em, V, 293-2 

angular, V, 295-5 

comparison with belt, I, 339-1 

continuous system, V, 293-2 

cotton ropes, V, 294-5 

crossed rope driving, V. 295-5 

efficiency, I, 339-2 

English system, V, 293-2 

for machine tools, V, 296-4 

horsepower transmitted by cotton rope, 
table, V, 296-r 

horsepower transmitted by wire rope, 
table, V, 297-5 

lubrication of ropes, V, 294-4 

Manila ropes, V, 294-5 

multiple system, V, 293-2 

power transmitted, V, 296-5; 298- r 

pulley center distances, V, 294-2 

pulley diameters, V, 294-r 

pulley grooves, V, 293-4 

sag and stretch of ropes, V, 294-4 
* speeds, V, 295-4 

splicing, V, 290-4 

systems, V, 293-2 

wire rope, V, 297-2 

wire rope, center-to-center distances, V, 

297-4 
wire rope, number of strands, V, 297-; 



Rope transmission, wire rope, protective 
coating, V. 298-2 

wire rope, sag of, V, 297-4 

wire rope, splicing, V, 291-2 
Rope, wire, VI, 520-2 

arc-light, I, 124-5 

areas of wires in ropes, table, VI. 526-5 

arrangement of ropes, VI, 527-5 

bent over sheaves, VI, 525-5 

cable-laid, I, 525-4 

compared with hemp rope, VI, 520-2 

construction, VI, 520-4 

crane, VI, 530-j 

definitions of terms, VI, 530-r 

diameter of pulle3rs, VI, 527-5 

directions of twisty VI, 523-2 

dragon. VI^ 530-2 

drums. VI, 531-5 

durability, VI, 526-2 

elevator, TIL 49-5 

ferry, Vt S3o^ 

flat, m, I5S-5 

flattened strand, VL 522-4 

galvanized, table. VI, 524-5 

guy, VI, S30-2 

hand, VI, 522-2 

haulage, VI, 521-2 

haulage, tables VI, 521-5 

hoisting^ II, 56-5; VI, 521-2 

hoisting, for cranes. II, 247-4 

hoisting, safe load, 11, 60-j 

hoisting, steel-dad, VI, 522-4 

hoisting, tables, VI, 522-r; 523-r; 524-2 

horsepower transmitted, V, 297-5: 298-r 

kinds, VI, 521-1 

Lang*8 lay. VI. 523-2 

left-lay, VI. 523-4 

lubrication. II, 60-5 

materials, VI, 520-2; 526-5 

non-spinning, VI. 522-5 

plow-steel, V, 120-2 

power transmission by, VI, s^O'T 

power transmission, horsepower. VT. 

531-^ 

power transmission, pulleys for, VI, 530-r 

protective coating for, V. 298-2 

regular lay. VI. 523-2 

reverse lay, VI, 524-r 

rheostat, VI. 530-4 

right-lay, VI, 523-4 

running, VI, 521-4 

sashcord, V, 3E2-r 

Seale hoisting, VI, 521-2 

Sealetype, VI, 52i-r 

sockets for, VI, 529-5 

special types, VI, 522-5 

splicing. V, 291-2 

splicing, allowance for, VI, 529-4 

standing. VI. 521-2 - 

strength, VI. 524-r 

stresses in, VI, 524-^ 

tiller. VI. 522-2 

transmission, VI, 521-2 

Warrington, VI. 521-1 
Rose mill IV. 368-2 
Rose reamers, application, II, 444-4 

chucking. II, 109-r 

shell, V, 362-2 
Rosin as soldering flux, V, 391-4 
Rosin oil. IV. 244-2 
Rosner process, IV. 5-2 
Rotary blowers, I, 383-4; 3^7-2 

efficiency. I, 387-? 

horsepower. 1, 387-9 

piston design, I, 388-4 

pressures and capacities, I, 388-r 
Roots. I, 387-4 
Rotary converters, II. 191-5 

efficiency, VI, 146-4 

losses, V, 53S-J 

power factor. VI, 146-4 
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RoUiy CQDveiters, regulation, rules, V, 

537-/ 

switchboard control, VI, 150-4; i5i-j 

used with induction motor, IV, 469-4 
Rotary cranes, U, 232-j; 232-4 
Rotary cutting-off machine, II, 291-/ 
Rotary diamond lap, IV, 163-4 
Rotary disk grinding, II, 386-j; m, 442-2 
Rotary disk laps, IV, 162-4 
Rotary disk surface grinder. III, 44^-2 
Rotary engine, VI, 24-4 
Rotary files, designating size, IV, 286-a 
Rotary flat lap, IV, 164-j 
Rotary furnaces. III, 223-j 
Rotary magnetic chucks, IV, 293-j 

design, IV, 298-4 

for heavy service, IV, 294-4 

types, IV, 29S-i 

winding, IV, 294-;; 
Rotary milling fixture, IV, 142-4 
Rotary motion, IV, 432-4 

accelerated, IV, 433-J 
Rotary-phase-converter, V, 53i-4 
Rotary planers, IV, 394-*; V, 105-1 

designating size, IV, 285-1 

horsepower, IV, 452-j 
Rotary-platen multiple-spindle drilling ma- 
chine, n, 462-4 
Rotary pumps, V, 185 -i; 199-3 

cydoidal, V, 200-2 

for water cooling of engines, m, 299-1 

screw type, V, 200-3 

tests, V, 2oo-r 
Rotary shears, V, 35S-' 
Rotary steam engine, VI, 24-4 

difference from steam turbine, VI, 25-2 
Rotary straighteners, wire forming, VI, 

516-2 
Rotary surface grinders, HI, 441-r 
Rotary swaging machine, VI, 133-4; ^34'4 
Rotary switches, VI, 165-2 
Rotary synchroscope. III, 25-2 
Rotary thread rolling machine, VI, 261-2 
Rotary vibrating riveter, V, 268-5 
Rotating body, kinetic energy of, IV, 154-4 
Rotating field, induction motor, IV, 464-4 
Rotation of cutter relative to feeding move- 
ment, IV, 402-3 
Rotor, motor, IV, 462-3 

phase- wound, IV, 463-1; 467-1 

squirrel-cage, IV, 462-4 

winding, IV, 462-4 
Rouge, Chandelier, V, 125-4 . 
Roughing cuts in lathe, IV, 183-1 
Roughing taper reamers, V, 245-2 
Roughing tools, planer, V, 113-2 
Round files, m, 1x7-4 
Round-head machine screws, V, 325-r 
Round split adjustable dies, II, 380-2 
Routing, in milling, IV, 401-2 
Routing steel t3rpe, V, 526-4 
Routing work in shop, V, 166-4 
Royal Microscopical Society thread, VI, 

274-4 
Royal-size drawing paper, 11, 421-1 
Rubber, V, 298-4 

attaching to metals, V, 300-2 

band saw for cutting, V, 300-r 

belts (see also "Rubber belting"), V, 
300-2 

compounds, insulating value, IV, 61-4 

electrical insulation, IV, 64-3 

gasket material, in, 308-r 

grinding, wheeb for V, 300-1 

hard, V, 299-2 

indicating on drawing, 11, 427-4 

insulating, effect of temperature, IV, 61-4 

machining hard, V, 300-j 

marhining soft, V, 299-3 

mat for foundations, m, 2x0-2 

patterns, IV, 550-2 



Rubber, polishing, V, 126-3 

polishing hard, V, 300-2 

pressure pads, for drawing dies, II, 420-2 

securing to celluloid, II, 38-2 

sheets, electrical insulation, IV, 65-4 

testing quality, V, 299-1 

turning, V, 437-Jf 

used for springs, V, 300-2 
Robber belting, I, 327-3 

cement for, V, 300-3 

for conveyors, II, 200-3 

horsepower transmitted by, I, 335-3 

ladng or splicing, I, 328-1 

sue of pulleys, I, 328-3 

speed of, I, 328-2 
Rubidium, V, 300-3 

in alloys, I, 75-1 

melting point, IV, 335-2 
Ruby, hardness, I, 91-r 
Ruebel-bronze, I, 74-4 
Rugan's experiments on growth of cast iron, 

n, 34-3 
Ruhmkorff coil, V, 300-3 
Rules, electrical standardization, V, 528-2 
Rules, shrinkage, IV, 540-3 
Rules, slide-, V, 373-4 
Rules, steel, designating size, IV, 287-j 
Run, in piping, V, 45-2 
Runner, slide-rule, V, 374-r 
Runners, steel foundry practice, VI, 70-j 
Runners, water turbine, VI, 449-2 

classification, VI, 450-1 

diameter, VI, 450-3 

tables, VI, 450-4 
Running (dynamic) balancing, I, 205-2; 

205-4 

indicating machine for, I, 206-3 
Running fits. III, 144-3; i4S-3; 146-2 
Running ratchet, V, 232-4 
Running rope, VI, 521-4 
Rupturing capacity, of circuit-breakers, II, 
119-2 

oil switches, VI, X71-2 
Russia, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-3 
Russia-iron gage, V, 300-4 
Russian oils, freezmg point, IV, 249-4 
Rust coating for wire drawing, VI, 5x4-2 
Rusting of iron and steel, II, 213-3 
Rust joint, V, 45-2 
Rttst, preyention of » by bitumastic enamel, 

I» 372-3 
by black finish on iron and steel, II, 160-3 

by coslettizing, II, 219-4 

by deflocculated graphite, II, 304-3 

by epicassit. III, 63-3 

by painting, II, 214-2; 2x7-2 

by sherardizing, V, 363-3 

by wet galvanizing, in, 46-3 

on machined surfaces, II, 219-1 

on small finished articles, II, 218-4 

Rust, removing, II, 2x9-2 

Rust-resisting alloy, IV, 76-4 

Ruthenium, V, 300-4 
melting pomt, IV, 335-2 

Sabin process for protecting steel work, II, 

218-2 
Saddle key, IV, 144-3 
Saddle, lathe, IV, 171-j 
locomotive cylinder, planing fixture, IV, 

138-4 

planer, V, 95-1 

planer, scraping, V, 321-4; 323-2 

shaper, V, 343-4 
Sadtler process, IV, x95-r 
S. A. E. screws and nuts, V, 327-4 

screw thread, VI, 270-3 

thread, tap drills, VI, 201-r 
Safe-edge of a file, m, 120-4 



Safegnardt for iiiAchiiiee» I, xo-3; V, 
301-/ 
absence of, as a cause of acddenta, I, f^4 
belt guards, V, 302-3 
gear guards, V, 30Z-2 
general requirements, V, 301-4 
goggles, use of, V, 305-4 
grinding wheel accidents, V, 305-j 
grinding wheel accidents, avoiding, V, 

304-2 
grinding wheel accidents, causes, V, 304-r 
grinding wheel dressers, V, 306-/ 
grindixig wheels, V, 303-2 
grinding wheels, hoods or guards for, W, 

304-3 

grinding wheels, mounting, V, 304-4 

interlocking, I, 9-3 

material for, I, 9-4; xx-2 

power presses, V, 306-r 

pulleys, I, xi-2 

punch press guards, V, 302-4 

shafting, I, 10-2 

wire mesh guards, V, 302-4 

woodworking machine guaixls, V, 303-j 
Safe loads for ropes and chains, II, 59-4 
Safes, manganese-steel, IV, 324-3 
Safe speed for flywheels, in, 163-2 
Safety ai^>liances for machine tools, V, 

301-1 
Safety brakes, I, 480-j; 484-2 
Safety dutches, V, X57-2 
Safety code for grinding wheels, III, 48X-2 
Safety devices on mine hoists, IV, 438-2 
Safety dogs or drivers, II, 395-1 
Safety, factor of, III, 92-1; VI, 97-3 

in springs, V, 496-4 

tables, VI, 97-4; 98-r 
Safety precautions, in acetylene generator 
operation, I, 22-2 

in air compressor operation, I, 46-4 

in arc wdding, VI, 50X-1 

in case of electric shock. III, 27-3 

in drop forging, n, 480-4 

in handling molten metal. III, 2x1-4 

in jack operation, IV, 9X-4 

in using grinding wheels. III, 482-2 

when using lead, IV, X95-2 
Safety stop, steam engine, VI, 2x-j 
Safety valves, I, 445-4; VI, 385-4 

calculating, VI, 386-2 

for Diesd engines, II, 375-2 
Safe working stress, VI, 95-4 
Sag, of conductors, VI, 32X-4 

of transmission rope, V, 294-4 

of wire rope, V, 297-4 
Sal-anmioniac as a freezing mixture, III^ 

214-1 
Sal soda solutions, V, 386-2 

turning lubricant, IV, 253-2 
Salt-bath dectric furnace. III, 249-7 
Salt, common, as a freezing mixture, in» 
214-1 

for tempering baths, III, 5x8-4 

in boiler feed water, I, 397-r 

mdting point, V, 225-1 

spedfic gravity, V, 400-/ 

weight per cubic foot, V, 400-1 
Saltpeter for bluing iron and steel, IV, 

498-1 
Salts (see also "Salt, common"), II, 97-4 

for hardening purposes, melting furnace 
for. III, 224-4 

for salt-bath furnaces. III, 250-j; 251-j 

mdted, calibrating pyrometer by, V, 
2 25- J 

used for heat-treatment, mdting points 
of, in, 25X.3 
Salt water, action on metals, VI, 58-3 

glue proof against, IV, 326-3 
Samarium, V, 306-4 

mdting point, IV, 335-2 
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Sand, IV, 427-5 

bearing capacity for foundations, m, 
209-j 

blast, see ''Sand-blast" and "Sand- 
blasting" 

brass foundry, 1, 496-2 

coefficient of heat radiation. III, 542-j 

core, n, 2oft-j; 209-2 

core, for brass foundry, 1, 496-j 

cores, dry, II, 20S-J 

cores, green, II, 212-5 

flow of, in sand-blast nossks, V, 310-2 

for concrete, 11, 172-5 

for sand-blast, V, 309-j 

heat-insulating value, m, 542-4 

line, VI, SS0-4 

molding, IV, 4x1-5; 427-5 

molding process, in, 2x2-1; IV, 411-J 

molding, tempering, IV, 4x1-4 

molds, green, skin-dried, IV, 4x5-1 

molds, sine alloy castings, VI, 567-4 

packing for local casehardening, U, 9-2 

loUs, V, 289-2 

specific gravity, V, 400-j 

specific heat, V, 40X-4 

stone, see ''Sandstone" 

storage bin walls, VI, 92-5 

weight per cubic foot, V, 400-j 
Sand-blaist, V, 307-1 

abrasives, sand and metal, V, 309-1 

air pipes, V, 3x0-4 

air pressures, V, 309-5 

amount of sand, V, 310-5 

barrel, V, 307-2 

continuous sight-feed cabinet, V, 307-4 

flow of sand, V, 3x0-2 

frosting glass, V, 366-1 

gun V, 308-4 

hose, V, 310-4 

bose-type, V, 308-j 

machines for cleaning castings, m, 213-4 

nozzles, V, 3x0-5 

nozzles, air for, V, 309-5 

power required, V, 3xx-i 

revolving table type, V, 307-5 

sand-blast booth, V, 311-2 

types, V, 307-^ 
Sand-blasting heat-treated gears, m, 376-1 
Sand-blasting preparatoiy to electroplating, 
ni. 43-1 

Sand-cast pig iron, V, 2X-5 
Sand-holes in castings, II, 28-j 
Sanding machine, IV, 535-4 

motor drive, IV, 441-2 
Sandstone, bearing capacity of foundations, 

m, 209-J 

heat-expansion, m, 54X-4 

sawing, strand for, VI, 79-2 

specific gravity, V, 400-2 

weight per cubic foot, V, 400-2 
Saniter steel, VI, 63-2 
Sapphire, hardness, m, 527-1 
Sash cord, V, 3x2-/ 
Saturated steam, I, 4x9-4 

properties of, I, 420-4 
Saturated steel, III, 520-5 
Saturation curves, magnetic, 11, 530-2 
Saturation factor, V, 530-5 
Saw, V, 312-/ 

arbors, I, 123-2 

arbors, precentage of carbon in, I, 557-5 

band, see "Saw, band" 

blades, designating size, IV, 285-4 

blanks, V, 3x2-5 

circular, see "Saw, circular" 

cold, cutting-<^ machine, n, 292-j 

cold, cutting-off machine, horsepower, 
IV, 4Sa^ 

etching, V, 314-5 

for copper, IV, 382-j 

for cutting-off machines, II, 293-5 



Saw, for cutting-off machines, operating 
speeds, II, 294-j 

friction, II, 294-5 

grinding sides, V, 3x3-4 

jig, in pattemmaking, IV, 535-5 

manufacture, see " Saw manufacture" 

percentage of carbon in, I, 557-4 

polishing, V, 314-5 

sharpening marhinf^, designating size, 
IV, 285-2 

sUtting, IV, 368-2; 381-5 

straightening, V, 313-5 

swing, motor drive, IV, 440-2 

teeth, cutting, V, 313-2 

teeth, forms of, V, 313-r 

teeth, sharpening, V, 313-4 
Saw, band, brazing, I, 504-4 

care of, I, 243-4 

for cutting rubber, V, 300-r 

for snagging brass casting, I, 496-5 

in pattenmiaking, IV, 535-2 

making, V, 316-/ 

metal-cutting, n, 294-2 

motor drive, IV, 440-j 

aoMering, V, 392-4 

speed, I, 243-4; V, 444-1 
Saw, drcnlar, V, 314-4 

in pattenmiaking, IV, 535-2 

motor drive, TV, 440-2 

speed, V, 444- r 
Sawdust, as a fire extinguisher, m, 143-5 

coefficient of heat radiation, m, 542-2 

heat insulating value, HI, 542-5 
Sawing, cold, speeds and feeds, V, 443-2 
Sawing copper, brass, or Gorman-silver, IV, 

255-a 
Sawing machines, designating size, IV, 284-5 
Sawing, quarter-, of wood, IV, 536-4 
Sawing stone, strand for, VI, 79-2 
Saw manufacture, V, 3x2-1 

band saws, V, 3x6-1 

blank straightening, V, 312-4 

etching, V, 314-5 

grinding sides, V, 313-4 

heat-treatment, V, 313-2 

machining arbor hole, V, 312-4 

metal saws, steel for, V, 312-2 

polishing, V, 3x4-5 

saw blanks, V, 3x2-5 

saw teeth, cutting, V, 313-2 

saw teeth, forms of, V, 3x3-/ 

sharpening, V, 313-4 

straightenmg, V, 313-5 

trimming, V, sis-z 

wood saws, circular, V, 3x4-4 

wood saws, grinding, V, 315-2 

wood saws, hardening, V, 315-2 

wood saws, tensioning, V, 315-5 
Saw-tooth dutches, II, 133-J 
Saybolt's viscometer, FV, 248-2 
Scabbiness in castings, II, 27-4 
Scaffolding in blast furnaces, I, 380-5 
Scale annealing furnace, 11, 158-5 
Scalene cone, developing, V, 359-5 
Scale (see also "Scales"), on dies, prevent- 
ing, IV, 518-2 

on hardened steel, m, 5x9-4 

prevention of, in boilers, I. 397-4 

removal of, in boilers, I, 398-1 
Scalea, caliper, VI, 437-1 

draftsmen's, 11, 403-4 

graduating, m, 420-5 

graduating by impression method, m, 

423-4 
master, for graduating machines. III, 

422-5 
of drawings for factory plaiming, III, 

97-1 
of metric drawings, IV, 357-2 
on dectric instruments, VI, 146-2 
sted, designating size, IV, 287-j 



Scales, steel, etching add for gradiuiting, HI, 
423-2 
tension, for bdts, VI, 223-j 
thermometer and barometer, alloy for» 

1, 377-/ 

vernier, VI, 437-j 
Scales, weighing, VI, 458-5 

counterpoise weights, erron in, VI, 462-5 

iiuuxuradea, VI, 45ft-5 

inspection qratem, VI« 462-4 

knife-edge bearings, IV, 154-4 

platform, VI 45^4 

platform, oonscruction, VI, 459-j 

platform, detafled tests, VI, 462-2 

platform, inspection, VI, 461-4 

platform, lever arrangement, IV, 202-5 

precision balance, VI, 458-4 

sensibility, VI, 460-j 

sensibility and accuracy, distinction, VI, 
460-2 

sensitiveness, VI, 460-4 

testing, VI, 46X-/ 

test weights, VI, 46X-5 

tolerances, VI, 461-2 

types, VI, 458-4 
Scalping of crudbles, II, 269-5 
Scandium, V, 3x6-2 

melting point, IV, 335-2 
Scarf wdding, VI, 470-2 
Scavenging pump for Diesd engine, II, 

376-5 
Schedules, manufacturing, V, X67-2 
Schiele curve, I, 31 1-4 
Schools, trade, VI, 302-r 

cooperative apprentice, I, X09-/ 

corporation apprentice, I, 108-2 

for apprentices, I, X07-5 
Schoop metal-spraying process, V, 
3x6-2 

applications, V, 3x8-2 

bonding coatings, V, 318-5 

cost of spraying, V, 3x8-2 

decorative coatings, V, 3x8-4 

detachable coatings, V, 3x9-1 

dectrical coatings, V, 3x8-4 

general prindples, V, 316-4 

origin, V, 3x6-5 

protective coatings, V, 318-2 

sprasring mechanism, V, 3x7-2 
Sdentiflc management, IV, 3x2-1 

bonus system, I, 456-5 

collecting data, IV, 314-2 

differential wage system, VI, 441-4 

essentials, IV, 312-4 

history, IV, 3x2-5 

methods used, IV, 3x3-4 

objections to, IV, 3x5-2 

purchasing machinery, IV, 316-5 

Taylor ^jrstem, IV, 3x2-5 

time study, VI, 287-4 

tools and supplies, ordering, IV, 3x7-2 

wage payment, IV, 314-r 
Sderometer, Turner's, III, 527-4 
Sderoscope, Shore, m, 528-/; 536-4 

hardness, Bessemer steel, IV, 321-2 

hardness, chilled cast iron, IV, 32X-2 

hardness, manganese steel, IV, 32X-2 

hardness, piston rings, V, 8i-j 

hardness, rolling mill rolls, V, 281-4 

hardness scale. III, 537-2; 538-1 

instrument, application. III, 537-2 

instrument, description. III, 537-z 

prindple. III, 536-4 

readings compared with Brinell, HI, 530^ 

tests on chilled castings, II, 100-5 

tool sted testing, m, 538-4 
Score, VI, 465-/ 
Scotch method, setting point of oil, IV, 

249-3 
Scotch mill, VI, 44a-2 

Scotch oils, freezing point, IV, 249-4 
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Scrapers, V, 319-4 

designating size, IV, 286-2 
Scrmiung, V, 319-1 

appliances for, V, 320-4; 321-/; 322-1 

bearing marks, V, 320-r 

devices for obtaining bearing marks, V, 

32I-T 

frosting, V, 320-j 

in die-sinkkg, n, 488-5 

lathe carriage, I, 136-2 

lifting devices for, I, 133-^ 

marking materials, V, 319-2 

ornamental surfaces, V, 320*5 

red lead for, V, 319-^ 

scrapers, V, 3x9-4 

snow-flddng, V, 320-j 

spotting, V, 320-j 
Scrap iron, busheled, VI, 555-2 

biishded, manufacture, VI, 558-5 

composition, 11, 279-4 
Scrap value, definition, I, 104-5 
Scratch-brushes for cleaning work after 

plating, m, 44-r 
Scratch-brushing preparatory to electro- 
plating, m, 43-1 
Scratch gages, designating size, IV, 286-4 
Screening abrasives, I, 5-2 
Screens, electric, to prevent electrolysis, 

m, 30-4 
Screens for circulating water intake, V, 

139-^ 
Screw (see also "Screws"), V, 324-4 
Acme, VI, 276-4 
angle diameter, VI, 249-5 
arbors, I, 123-2 
Archimedean, I, 124-2 
brakes for cranes, II, 251-2 
bushings in jigs, IV, 98-2; 122-/ 
caliper. Palmer, IV, 362-5 
cai>-, V, 325-2 
amch, V, 328-5 

comparators for testing lead of, VI, ^54-2 
constant, VI, 247-5 
constant, metric, VI, 248-/ 
conveyors, II, 200-r 

cutting attachment, bench lathe, I, 342-1 
cutting dies, steel for, VI, 301-2 
cutting lathe, Hindley, IV, 279-r 
cutting lathe, Maudslay, IV, 279-5 
cutting without lead-screw, VI, 243-5 
drivers, designating size, IV, 286-2 
drivers, percentage of carbon in, I, 557-4 
friction, formulas for, V, 324-r 
geared chain hoist, IV, 26-5 
gear testing machine, VI, 226-2; 23 2- j 
heads, British standard, V, 328-2 
heads, machine, IV, 268-2 
holes, counterbores for, II, 224-2 
in mechanics, V, 323-4 
jack, IV, 87-4 
lag, V, 328-5 

lag, holding power, V, 328-5 
line (helix), geometrical construction, 

m, 4 12-1 
machine, IV, 268-5; V, 324-4 
machine, A. S. M. E. St'd, VI, 273-2 
machine, automatic, see " Screw machines, 

automatic" and "Screw machines, 

tools for automatic" 
machine, hand, see "Screw machines, 

hand " 
machine taps, V, 324-r 
milling machine, VI, 258-j 
pitch diameter, VI, 249-5 
pitch gage. III, 275-4 
precision, tested by Bureau of Standards, 

V, 544-1 
pump, V, 200-5 
punch, V, 215-r 
set-, V, 326-7 
sbtting cutters, IV, 381-4 



Screw, slotting cutters, designating size, IV^ 
286-r 
slotting machines, designating size, IV. 

285-1 

square thread tools for, VI, 240-1 

stock, see "Screw stock" 

testing lead of, VI, 253-2 

thread, see "Screw thread" 

threading dies, 11, 377-1 

tightening devices for jigs, IV, 103-4 

to compensate for shrinkage, cutting, VI, 
242-4 

wood, V, 328-2 
Screwed and calked pipe joints, V, 47-2 
Screwed and peened pipe joints, V, 47-2 
Screwed fittings, cast-iron, V, 37-4; 40-5 

table, V, 42-r 
Screwed pipe joints, V, 46-j 

pipe bends with, V, 33-2 
Scarew machines, atttomatic, 1, 179-2 

cam design for, I, 542-2 

canuning arrangements, I, 193-r • 

cooling and lubricating mediums, I, 156-5 

deep-hole drilling, 1, 164-4 

development of multiple-spindle, I, 179-4 

development of single-spindle, 1, 179-2 

feeding mechanisms, I, 193-r 

feeds for centering, 1, 164-2 

feeds for counterbores, 1, 168-2 

feeds for cut-off tools, 1, 156-5 

feeds for drilling, 1, 166-1 

feeds for forming tools, 1, 154-/ 

feeds for knurling, 1, 176-4 

feeds for reaming, 1, 169-r 

heavy single-spindle, I, 182-2 

indexing mechanism, I, 195-4; VI, 359-4 

inserting and removing work from, I, 
191-1 

magazine feeding attachments, 1, 191-5 

means for rectifying indexing, 1, 197-2 

mechanisms for, 1, 188-4 

motor drive, IV, 450-5 

multiple-spindle, I, 183-5 

products, stock required for, I, 177-4 

reamer holder, V, 240-z 

rotary magazine attachments, 1, 192-2 

rotary tilting magazine, 1, 192-2 

single-spindle, I, iSo-i 

speeds for box tools, 1, 162-1 

speeds for counterbores, I, i68-r 

speeds for dies, 1, 173-r • 

speeds for drilling, I, 165-2 

speeds for forming tools. 1, 154-/ 

speeds for hollow mills, I, i68-r 

speeds for knurling, 1, 176-4 

speeds for reaming, I, 169-1; 17 1-2 

speeds for taps, I, 173-'^ 

speeds for thread rolling, 1, 175-5 

Spencer, I, 179-2 

spindle drives, I, 189-2 

stock-feeding mechanism, I, 191-7 

swing tools, fadng with, 1, 172-2 

taps, V, 324-1 

taps, steel for, VI, 215-r 

thread rolling in, I, 173-4 

tools, see "Screw machines, tools for auto- 
matic" 

vertical magazine, I, 192-r 
Screw machines, hand, VI, 350-4 

designating size, IV, 284-2 

plain, VI, 350-4 

products, stock required for, I, 177-4 

reamer holders, V, 237-2 

taper attachment, VI, 186-5 

tops, V, 324-1 
Screw machines, tools for automatic, I, 
150- f 

box-tool cutters, 1, 157-2 

box-tool supports, I, 158-4 

centering tools, I, 163-4 

centering tools, holders, I, 164-2 



Screw machines, tools for autooiatic, 
chamfering tools, I, 169-5 

drcular form and cut-off tools, 1, 150-4 

concave knurls, 1, 176-5 

counterboring, I, 166-j 

die and top holders, I, 173-2 

dies, I, 172-2 

drill holders, I, 165-1 

drills, I, 164-5 

flat drills and combination counterbores, 
I, 167-2 

forming took, I, 152-4; i54-5 

holders for counterbores, I, 16&-2 

holders for thread roUs, 1, 175-4 

hoUow mills, I, 161-4 

knurling, I, 176-2 

points in cam and tool design, 1, 178-j 

reamer holders, 1, 169-2 

reaming, 1, 168-4 

recessing tool holders, 1, 171-2 

recessing tools, I, 169-5 

shaving tools, I, 162-x 

swing tools, I, 161-2 

top holders, I, 173-2 

topping, 1, 172-4 

tops, I, 172-2; V, 324-r 

thread rolling, I, 173-5 

turning tools, I, 156-4 

turret knurling, I, 176-4 
Screw DUichine tops, V, 324-r 

steel for, VI, 215-/ 
Screw milling machine, VI, 258-r 

designating size, IV, 285-1 
Screw pump, V, 200-5 
Screw punch, V, 215-1 
Screws (see also "Screw"), V, 324-4 

automobile screws and nuts, V, 327-4 

bolts, V, 327-1 

difference in lead compared with top, 

VI, 212-1 

electrically-welded, VI, 491-5 

for patterns, IV, 536-4 

machine screws, IV, 268-5; V, 324-4 

rolled threads on, VI, 264-j 

S. A. £. screws and nuts, V, 327-4 

studs, V, 325-5 

wood-screws, V, 328-2 

wood-screws, holding power, V, 328-5 

wood-screws, types of, V, 328-4 
Screw stock, V, 329-f 

casehardening, II, 12-4 

composition, II, 12-4 

topping, torque required, VI, 202-1 
Screw thread, VI. 264-2 

Acme, VI, 276-5 

angle, testing, VI, 255-2 

A. S. M. E. machine screw, VI, 273-x 

Automobile Engineers, VI, 270-5 

Briggs pipe, VI, 270-4 

British Association, VI, 270-j 

British stondard, VI, 268-r 

British stondard fine, VI, 269-2 

Cadillac, VI, 270-4 

carriage-bolt, II, 2-j 

chasers for, II, 81-5 

Cordeaux, VI, 274-5 

counting, VI, 264-4 

cutting, VI, 234-5 

cutting, thread chasing dial, VI, 233-2 

cycle engineers, VI, 277-5 

French, VI, 275-5 

gages, VI, 253-2; 256-4 

gages, tested by Bureau of Standards, 

V, 544-1 
gas fixture, VI, 277-5 
Harvey grip, VI, 270-2 
hose coupling, IV, 32-2 
indicated on drawings, II, 424-4 
instrument makers', VI, 274-4 
International, VI, 275-5 
lag screw, VI, 277-4 
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Screw thread, lead, VI, 264-2 
Lbyd & Lloyd, VI, 268-a 
L5wenherz, VI, 274-4 
machme screw, VI, 273-/ 
machine screw, old standard, VI, 267-j 
measuring, VI, 249-2 
metric, VI, 275-J 
micrometer, IV, 365-4; VI, 249-5 
micrometer, ball-point, VI, 250-j 
micrometer, designating size, IV, 287-1 
microscope objective, IV, 59-4 
milling, VI, 258-1 
milling machines, VI, 259-1 
milling square, VI, 261-j 
multiple, VI, 264-4 
pipe, VI, 270-4 
ptpe, British, VI, 273-1 
pipe, development, VI, 272-1 
pipe, straight, VI, 272-r 
pitch, VI, 264-2 
requirements, VI, 266-1 
rolling, VI, 261-j 
S. A. E. standard, VI, 270-j 
sharp V-, VI, 266-2 
"Society," VI, 274-4 
square, VI, 276-1 
stove-bolt, VI, 93-3 
Swiss, VI, 270-2 
testing, VI, 249-2 
U. S. and V-, compared, VI, 267-1 
U. S. and Whitworth, compared, VI, 

268-4 

U. S. standard, VI, 265-2 

U. S. standard, advantages, VI, 267-2 

U. S. standard, table, VI, 265-j 

V-thread, VI. 266-2 

V-thread, table, VI, 266-5 

watch screw, VI, 274-2 

Whitworth, VI, 268-1 

Whitworth, advantages, VI, 268-5 

Whitworth, table, VI, 268-5 

Whitworth, when standardized, IV, 281-2 

wood-screw, VI, lyS-i 

worm, VI, 277-2 
Screw-type drill chuck, two-jaw, II, 429-4 
Screw-type feeding mechanism, turret lathe, 

VI, 3S7-4 
Scribers, designating size, IV, 286-4 

flat, for laying out, IV, 189-2 
Scroll chucks, 11, 11 1-5 

conical, II, 1x1-4 
Scroll lathe, IV, 180-1 
Scrubber, producer gas, m, 313-7 
Scrubbing producer gas, object of, m, 310-J 
Scruples, apothecaries' weight, VI, 464-5 
Sea-horse polishing wheels, V, 124-2 

speed, V, 125-4 
Seale hoisting rope, VI, 521-2 
Seale-type wire rope, VI, 521-j 
Sealing compounds, insulating, IV, 67-4 
Seaming aluminum, I, 89-5 
Seamless tubing, VI, 333-2 

brass and copper, V, 27-r 

brass, making, I, 498-2 

brass, table, I, 500-j 

steel, VI, 333-1 

steel, Shelby, VI, 336-2 

strength, II, 301-z 

thickness, VI, 336-1 

welded, VI, 339-^ 
Seams in crucible steel, 11, 273-4 
Seams in sheet iron, V, 329-7 
Seams (riveted joints), weight of, V, 272-2 
Seam welding, electric, VI, 496-5 
Sear trip seat, pistol, pro61ing, V, 176-5 
Season-cracks in aUoys, 1, 67-2 
Seasoning, cast iron, V, 330-5 

leather for belting, I, 320-5 

races, ball bearing, I, 224-7 

steel, V, 330-7; 330-2 
Sea water, effect on concrete, II, 173-4 
aax 



Sea water, glue proof against, IV, 326-5 

manganese-bronze to resist corrosion in, 
IV, 319-4 

specific gravity, V, 398-4 
Secant of an angle, VI, 325-5 
Second, angular measurement, VI, 324-2 
Secondary cells, II, 536-7 
Secondary overload t^p, oil switches, VI, 

176-2 
Secondary relays, V, 253-7 

balanced-current, V, 255-2 

classification, V, 249-4 

differential, V, 255-2 

open-phase, V, 255-7 

overload, V, 253-7 

potential, V, 255-4 

reverse-phase, V, 255-5 

time-lixnit, V, 254-7 

underload, V, 255-7 
Secondary i^ug switches, VI, 163-2 
Secondary transformer coil, VI, 306-2 
Secondary winding, transformer, V, 532-4 
Second-belt planer drive, V, 97-4 
Second pendulum, V, 2-4 
Sectional chucks for spinning, V, 455-'' 
Sectional dies and punches, U, 356-5 

die-bed for, II, 3x3-4 

rectangular, 11, 4x4-5 
Sectional gages. III, 273-7 
Sectional patterns, IV, 533-5 
Sectional views, on drawings, II, 426-7; 

427-i 
Section modulus, VI, X04-2 

of channels, U, 8x-5 

of cross-sections, I, 265 

of I-beams, IV, 45-5 

of punch and shear frames, V, 2x3-7; 
2x4-7 

of structural angles, I, 95-7 

of torsion, IV, 4x0-4 

of Z-bars, VI, 5^3-5 

polar, V, 331-4 

polar, table, VI, 106-7 
Sections, broken, indicating on drawings, 

II. 425-J 
dotted, on drawings, 11, 4^6-5 

Sector, annular, IV, 340-2 

circle, IV, 339-4 

drde, center of gravity, m, 429-4 

circular ring, IV, 340-2 

of dividing head, IV, 53-2 

spherical, IV, 344-' 

spherical, center of gravity, m, 431-7 

spherical, moment of inertia, IV, 58-5 
Sector-type of intermittent gearing, IV, 

Seger temperature cones, V, 2x8-2 
melting temperatures, table, V, 2x8-5 

Segment, IV, 339-4 
circle, center of gravity, HI, 429-4 
commutator, D. C. motor, IV, 476-7 
of ellipse, center of gravity. III, 430-7 
of ellipsoid, center of gravity, IQ, 43^-2 
of parabola, IV, 34X-2 
of spheroid, center of gravity. III, 431-2 
paraboloidal, IV, 345-^ 
spherical, IV, 344-^ 
spherical, center of gravity. III, 430-2; 

431-r 
spherical, moment of inertia, IV, 58-4 

stamping dies, V, 5 24- J 
work, pattemmaking, IV, 545-7 
Segment-and-core-boz molding method, IV, 

4x8-4 
Seizing strand, VI, 531-'' 
Selective sliding gears, VI, 430-4 
Selenide, cuprous, impurity in copper refin* 

ing, in, 34-2 
Selenium, V, 330-4 
impurity in copper refining, in, 34-2 
melting point, IV, 335-2 



Self-adjusting vise, VI, 438-4 
Self-aligning bearings, I, 305-2 
Self-corrosion, m, 29-2 
Self-hardening steel, IV, 2-7; 485-2 

manganese, IV, 320-4 
Self-ignition in Diesel engine, II, 374-7 
Self-induction, II, 536-4 

cause of sparking, IV, 480-7 

coefficient, V, 529-4 
Self-locking worm gearing, VI, 548*2 
Self-opening die-heads, VI, 369-2 
Self-starter, electric, II, 190-7 
Self-starting injector, IV, 59-5 
Self-ventilated electrical machine, V, 532-5 
Sellers coupling, II, 229-4 
Sellers drill grinder, U, 435-5 
Sellers formula, U. S. threads, VI, 265-5 
Sellers hobs, IV, 25-4 
Sellers planer drive, V, 97-7 
Sellers thread, VI, 265-2 
Sellers variable-speed mechanism, VI, 420-4 
Semi-anthradte coal, II, X45-2; in, 218-2 
Semi-automatic cutting-off machine, II, 

29X-5 
Semi-automatic profiling machine, V, X76-4 
Semi-bituminous coal, II, 145-2; III, 2x8-2 
Semi-elliptic spring, V, 492-4 

formuLBM, V, 493-4; 494-' 
Semi-enclosed electrical machine, V, 532-5 
Semi-high-speed steel, IV, 6-4 
Semi-steel, II, 280-7; V, 331-2 

rolls, V, 289-2 
Sensibility of weighing-scale, VI, 460-7 

and accuracy, distinction, VI, 460^ 

reciprocal, VI, 460-7 
Sensitive drilling machine, II, 456-4; 457-4 

designating size, IV, 284-4 

gear-box, 4x5-4 

horsepower, IV, 45X-4 
Sensitive indicating micrometer, IV, 361-5 
Sensitive micrometer attachment, IV, 36X-7 
Sensitizing blueprint paper, I, 395-7 
Sentinel pyrometers, V, 2x8-2 
Sentinel temperature cones, V, 2x8-2 
Separation of chips and lubricants, IV, 265-4 
Separator, <;yclone, m, 77-7 

oil, IV, 503-i 

oil, for boiler feed water, 1, 402-5 

steam, V, 71-7 

vaanud, for boiler feed water, 1, 403-2 
Series and multiple windings compared, IV, 

475-3 
Series boosters, IV, 458-7 
Series^onnected primary batteries, I, 253-2 
Series-connected storage batteries, I, 253-4 
Series-lamp operating mechanism, II, 549-4 
Series motor, winding armature, IV, 48X-4 
Series-operation of centrifugal pumpa, V, 

202-4 
Series overload trip, oil switches, VI, X75-4 
Series-parallel operation of centrifugal 

pumps, V, 202-4 
Scries rectifiers, oil-oooled, V, 249-2 
Series relays, V, 249-4; 251-4 

classification, V, 249-5 

open-phase, V, 252-4 

overload A. C, V, 251-4 

overioad D. C, V, 249-4 

reverse-phase, V, 252-4 

underload A. C, V, 252-5 

underioad, D. C, V, 250-7 
Series system of copper refining, m, 34-4; 

36-2 
Series transformer ammeter, m, 19-7 
Series winding, D. C. motor, IV, 475-2 
Scrie»-wound D. C. generator. III, 398-5 
Series-wound motor, IV, 442-2 
Service-ell, V, 45-2 
Service pipe, V, 45-2 
Service tee, V, 45-5 
Set-hammer, blacksmiths', 1, 375-x 
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Set-hammer, designatixig ase, IV, 286-5 
Set in file making, in, 120-4 
Set-over turret lathe, VI, 350-4 
Set-over turret slide, VI, 352-2 
Sets, bladcsmiths*, I, 374-4 
Set-screw, V, 326-1 

clamping devices, IT, 124-4 

hollow or socket, V, 326-4 

safeguarding, I, xo-4 
Set-squares, designating size, IV, 287-j 
Setting point of oil, IV, 249-j 
Settings for boilers, I, 430-j; V, 134-2 
Setting studs, VI, 114-z 
Setting yalves, VI, 387-2 

automatic cut-off, VI, 394-4 

Buckeye automatic, VI, 395-4 

Corliss, VI, 401-4 

for condensing engine, VI, 399-1 

four-valve engine, VI, 414-4 

governor speed adjustments, VI, 400-1 

locating dead centers, VI, 390-2 

locomotive, VI, 403-2 

locomotive, equalizing cut-off, VI, 407-5 

locomotive, equalizing valve travel, VI, 
406-5 

locomotive, lead of valves, VI, 407-2 

locomotive, locating port marks, VI, 

404-5 
locomotive, revolving wheels for, VI, 

405-2 
Meyer valve, VI, 393-4 
on reversible engine, VI, 391-4 
piston type valve, VI, 399-2 
position of eccentric, VI, 388-4 
riding cut-off valve, VI, 395-1 
slide valve, VI, 388-2 
slide valve for equal cut-off, VI, 391-^ 
Stephenson link motion, VI, 403-2 
use of indicator for, VI, 392-r 
valve-gear, definitions, VI, 387-5 
Walschaerts inside admission valve, VI, 

413-4 
Walschaerts outside-admission valve, VI, 

410-5 

Walschaerts valve, VI, 409-j 
Settling, critical speed, n, 268-j 
Settling tanks for boiler feed water, 1, 400-5 
S. F. screw thread, VI, 275-4 
Shade lines on drawings, II, 424-2 
Shaft (see also '"Shafting"). V, 331-2 

angle for universal joint, VI, 375-5 

gaging, for key fitting, IV, 149-2 

governor, VI, 20-j 

guards, 1, 10-2 

hangers, m, 51 2-1 

hollow, V, 335-2 

splined, hobs for, IV, 13-2 

straightening, V, 339-4 

straightening press, hydraulic, V, 341-1 

turning, V, 341-2 

turning, requirements, V, 342-4 
Shafting (see also "Shaft "), V, 331-2 

aligning (see also "Shafting, aligning**), 
V, 336-1 

allowable stress, V, 332-2 

combined bending and torsion, V, 334-5 

combined torsion and compression, V, 

335-1 
depreciation, 11, 305-2 
effect of keyways on strength, IV, 151-J 
factor of safety, VI, 98-2 
flexible. III, 156-1 

fle3nble, power transmitted by, HI, 156-4 
formulas for circular, V, 332-r 
hoUow, V, 335-2 
horsepower, V, $$S'i 
linear deflection, V, 334-/ 
lineshafting, V, 332-5 
lubrication, IV, 246-j 
materials, V, 335-2 
multi-tuming tool for, VI, 344-5 



Shafting, overhead cranes, 11, 251-4; 253-4; 

254-5 
polar moment of inertia, V, 331-4 
polar section modulus, V, 331-4 
polishing, V, 342-4 
safe oiling of, I, zo-2 
shouldered, turning in turret lathe, VI, 

371-1 • 

aze of stock for, V, 342-4 

straightening, V, 339-4 

subjected to severe stresses, V, 334-2 

torsional deflection, V, 332-4 

torsional strength, V, 331-5 

turning, V, 341-2 
Shafting, aligning, V, 336-1 

attachments, V, 339-1 

countershaft, V, 337-2 

equipment, V, 336-2 

for rope drive, V, 295-1 

level method, V, 336-2 

levels, special, V, 337-r 

transit method, V, 337-5 
Shaking grate for boiler furnaces, 1, 411-1 
Shale lubricating oil, IV, 244-1 
Shale naphtha, IV, 486-4 
Shales, bearing capacity for foundations, 

m, 209-1 
Shanks, Brown & Sharpe taper, I, 520-j 

Graham tap and drill, m, 509-2 

Jamo taper, IV, 96-2 

Morse taper, IV, 431-2 

tap, Beaman & Smith, m, 509-2 
Shape mill, V, 283-r 
Shaper, V, 343-z 

action, V, 344-2 

attachment for spiral gears, m, 357-1 

automatic feed, V, 347-1 

back-geared, V, 347-4 

classification, V, 343-2 

colunm type, V, 343-5 

compared with craiik-planer, V, 105-2 

compared with planer, V, 94-4 

crank-driven, V, 343-5 

crank motion analysis, V, 352-5 

cross-rail head, V, 352-1 

designating size, IV, 284-5 

development of, IV, 280-4 

draw-cut, V, 349-4 

drive, constant-speed pulley, V, 420-4 

driving mechanism, V, 345-r 

feeding mechanism, V, 346-1 

friction type, V, 349-5 

gear, see "Shaper, gear" 

geared type, V, 349-2 

horsepower, IV, 452-5 

index centers, V, 351-5 

jacks, IV, 87-5 

machining forming tools in. III, 194-2 

motor drive, IV, 448-5; 450-4; V, 349-' 

motor drive, horsepower, IV, 448-2 

motors for, types of, V, 352-1 

open-side, V, 350-4 

open-side plate planer, V, 104-5 

planing operations in, V, 344-2 

principal parts, V, 343-5 

quick-return motion, V, 352-2 

rack tjrpe, V, 349-2 

ram with Whitworth motion, V, 350-5 

reversing mechanism, VI, 90-5 

Richards, V, 350-4 

single-geared, V, 347-4 

special types, V, 351-4 

speed-changing mechanism, V, 420-2 

speed-changing mechanism, geared, V, 

348-4 
speed variations, V, 347-5 
tools, designating size, IV, 285-5 
tools for cutting spur gears, III, 335-1 
traveling-head, V, 3S0-2 
universal, V, 351-2 
vertical, V, 351-4 



Shaper, vise, "hold-downs" for, V, 11 7-2 
wood, motor drive, IV, 441-1 

Shaper, gear, HE, 341-1 
bevel gear roughing, m, 354-5 
clearance of gears cut on, V, 505-2 
cutting internal gears on. III, 347-1 
helical spiral gear, in, 357-1; 361-1 
indexing mechanism, in, 342-j 
operation, m, 341-5 
rack-cutter type. III, 342-4 
relieving mechanism, III, 342-2 

Shaper-type molding-generating machines 
for gears, m, 340-4 

Shapes of grinding wheels, m, 478-/ 

Shaping dies, 11, 363-2 

Shaping machine, see "Shaper" 

Shaping method of cutting bevel gears. III, 
350-2 

Shaping principle of producing gear teeth, 
ni, 334-2 

Sharpening saw teeth, V, 313-4 

Sharp V-thread, VI, 266-2 
compared with U. S. tliread, VI, 267-/ 
tools, VI, 281-J 

Shaven hitten, IV, 188-5 

Shaving dies, II, 365-2 

Shaving tools, 1, 162-j 
^)eeds and feeds for, I, 163-5 

Shear (see also "Shearing" and "Shears"), 
VI, io2-r 
blades, angles of, V, 355-4 
blades, steel for, 11, 274- j; VI, 301-2 
due to compound stresses, VI, 108-4 
of punches and dies, II, 353-4 
single and double, VI, 102-1 
steel, IV, 82-5 
stress, VI, 97-2; ioz-4 
tests, VI, 224-5; 229-2 
theory, maximum, VI, no-/ 

Shearing attachments, V, 355-2 

Shearing machines (see "Shears"), V, 354-2 

Shearing punch through die, II, 349-4 

Shearing resistance of hot steel, VI, 102-2 

Shearing strength of metals, table, VI, 

97-1 
Shearing stresses, VI, 97-2; 101-4 
. in beams, VI, 103-4 

permissible, VI, 10 1-4 
Shearing tests, VI, 224-5; 229-2 
Shears, V, 354-2 

alligator, V, 354-5 

allowable bearing pressures, 1, 309-4 

angle, V, 355-2 

attachments, V, 355-2 

designating size, IV, 285-2 

flywheels for, in, 170-r 

flywheels for, simplified calculations, HE, 

171-4 

frame design, V, 213-J 

hand-operated, V, 354-5 

horsepower, IV, 453-^ 

hydraulic, IV, 35-2; V, 355-j 

knives for, steel, 11; 274-1 

lathe, IV, 171-1 

lever, horsepower, IV, 452-2 

motor drive, IV, 451-r 

power-driven, V, 354-5 

rotary, V, 355-r 

shear blades, V, 355-4; VI, 301-2 

vertical type, V, 354-4 
Sheaves, flywheel. III, 162-/ 
Sheaves for wire rope, VI, 525-5; 530-r 

lining, VI, 529-2 
Sheep-skin polishing wheels, V, 124-2 
Sheet aluminum, welding, VI, 479-5 
Sheet bar, V, 282-4 

mill for, V, 282-4 
Sheet copper, electrol3rtic method of pro- 
ducing, in, 37-r 

Elmore process ifor, ni, 55-4 
Sheet, electrical insulation, IV, 65-5 
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Sheet, in roHing mill practice, definitikm, V, 
284-2 

Sheet iron, seams, V, 329-1 
q)eed for spimiing, V, 453-4 
templets for laying out, IV, 189-4 
tooJs for spinning, V, 457-4 

Sheet metal, alligator skin eJQTect on drawn, 

n, 419-4 

gage for, V, 356-'; VI, 5io-a 

gage, table, VI, 508-j 

gage, U. S.. VI, 508-j 

pattern drafting, see "Sheet metal pat- 
tern drafting" 

presses, designating sise, IV, 285-j 

iqiinning, V, 453-' 

vessels, oiy-acetylene welding, VI, 480-4 
Sheet metal pattern drafting, V, 356-2 

bending allowances, V, 361-1 

conical method for spheres, V, 360-4 

developing cone frustmn, V, 359- J 

developing spheres, V, 360-j 

gore method for ^hercs, V, 360-2 

faitersections of cones, V, 357-4 

intersection of cylindera, V, 357-2 

intersections of pyramids, V, 358^1 

parallel-fine method, V, 356-4 

radial- line method, V, 357-3 

triangulatlon, V, 358-5 
Sheet, starting, in copper refining. 111, 35-j 
Sheet steel, V, 361-2 

articles, tinning, VI, 289-j 

bending allowances^ V, 361-1 

cold-rolled, U, 157-1 

oxy-acetyleoe welding, VI, 477-^ 

temeplate, VI, 223-4 

testing, V, 361-3 

tin plate, VI, 290-5 
Sheet zinc, gage, VI, 566-5 
Shelby seamless steel tubes, VI, 336-2 
Shellac, IV, 538-4 

black, TV, 538-4 

for drawings, IV, 125-5 

for patterns, IV, 538-4 

in varnish, VI, 436-2 

red, IV, 538-4 
Shell end-mills, IV, 367-4; 37^^ 

arbors, IV, 379-^ 
Shell patterns, IV, 534-4 
Shell reamer, V, 362-1 

adjustable, V, 363-5 

arbors, V, 363-1 
Shells, annealing drawn, II, 410-4 

blanks, drawn, formulae, II, 411-/ 

comparison between extruded and drawn, 

III. 84-5 

drawing flanged, II, 411-4 

drawing tapered, U, 41 1-4 

drawn, diameter reductions, II, 405-4 

elliptical, II, 417-2 

rectangular, II, 417-r 

spherical, strength of, V, 444-2 

varnish for, VI, 436-2 
Shell-type trainsformer, VI, 306-4 
Shepardson's magnetic switch, II, 186-5 
Sherardizbg, V, 363-5 

cost of, V, 365-5 

furnace, V, 365-j 
Shifters, mechanical belt, I, 334-5 
Shifting-belt geared shaper, V, 349-5 
Shingling, welding, VI, 471-4 
Ship hulls, copper-plating. III, 45-4 
Shipping measure, VI, 464-1 
Shipping ton, VI, 464-2 

British, VI, 464-2 
Shipping transformers, VI, 310-r 
Shodc, electric, I, 12-5; III, 26-5 
Sbockless jarring machine, IV, 424-r 
Shock or impact tests, IV, 46-j 
Shocks, from bodies in motion, I, 280-4 

stresses produced in beams, I, 280-2 

stresses produced in springs, V, 501-2 



Shoes, binding, in jigs, IV, 123-4 
Shoes, pedestal, locomotive, IV, 232-2 

and wedges, assembling, 1, 148-2 
Shonberg's alloyi II, 339-5 
Shop (see also "Factory") 

aiea required per employe, V, 171-5 

anangement to prevent accidents, I, 9-4 

buildmgs. III, 94-4 

buildings, bhicksmith shop. III, 180-/ 

construction, surveying, VI, 129-2 

departments based on operations, V, 
171-1 

drawings, 11, 422-5 

expense, 11, 221-1; 222-1 

fire protection. III, 143-2 

floors, ni, 157-1 

lighting, in relation to accidents, 1, 8-5 

management, check systems for tool- 
rooms, II, 91-4 

photography, V, 12-4 

statistics, IV, 270-2 
Shores scleroscope, m, 53&-1; 536-4 

application. III, 537-' 

description. III, 537-' 

hardness scale, m, 537-' ; S38-1 

principle. III, 536-4 

tool steel testmg. III, 538-4 
Short-drcuit, U, 527-5 

current, A. C. generator. III, 396-4 

in armature. III, 3-5 

in armature coils, A. C. generator, HI, 

in generators, m, 4-1 

in ssnichronous converter. III, 12-1 

in transformer operation. III, 9-1 

Short-circuiting plug switches, VI, 163-5 

Shortness, cold and hot, in steel, IV, 492-2 

Short nipple, V, 45-5 

Short-time ratbg of electrical machines, 

V, 534-/ 
Short ton, VI, 464-5 

Shot for sand-blast, V, 309-' 

Shouldered shaft, turning hi turret lathe, 

VI, 371-1 
Shoulder nipple, V, 45-5 
Shovels, electric, IV, 439-2 
Shrapnel shells, varnish for, VI, 436-2 
Shxinkage allowance, aluminum castings, 

1.86-4 

die castings, 11, 338-5 

malleable castings, IV, 306-4 

manganese steel, IV, 323-5 

patterns, IV, 540-z 
Shrinkage cradu, in aUojrs, I, 67-2 

in steel castings, VI, 72-5 
Shrinkage, cutting threads to compensate 

for, VI, 242-4 
Shrinkage fits. III, 148-4 

allowances. III, 149-4 

effect of shape and mass on, m, 152-r 

temperatures for, m, 153-' 
Shrinkage rule, IV, 540-5 
Shrinkage strains in castings, II, 28-5; VI, 
103-1 

absence- of, in permanent mold castings, 

n, 23-4 

malleable castings, IV, 307-/ 
Shrink-heads, IV, 414-5 
Shrink-holes m castings, 11, 27-4 

filling by thermit welding, VI, 503-5 
Shrinking tires on wheel-centers, IV, 229-4 
Shrouded crane gears, n, 256-4 
Shrunk and peened inpe joints, V, 47-4 
Shunt, m, 15-2 

boosters, IV, 458-5 

galvanometer, m, 16-2 

inductive, m, 401-2 

-lamp operating mechanism, 11, 549-5 

motor ratings, IV, 445-5 

resistance multi-gap lightning arrester, 
IV, 209-2 



Shunt, trip for circuit-breakers, II, 117-5 

-wound D. C. generator. III, 398-4 

-wound motor, IV, 442-5 
Side chisel, II, 107-2 
Side-cut of drop-forging die, II, 484-2 
Side-fired furnace, III, 220-2 
Side-head boring mill, VI, 350-5 
Side-head, planer, V, 102-5 
Side-head single-spindle millling machine, 

IV, 394-2 
Side milling cutters, IV, 367*5; 374-5 

heavy-duty type, IV, 37S-' 

sharpening, n, 289-5 
Side planer, designating size, IV, 284-5 
Siderite, IV, 85-2 

Side-rods, locomotive, IV, 233-4; VI, 18-j 
Side-tools, lathe, IV, 181-1 

planer, V, 114-2 
Siemens' dynamometer, m, 17-2 
Siemens-Martin process, IV, 80-4; 506-2 
Siemens-Martin steel, VI, 63-7 
Sieve, moklers', IV, 412-2 
Sight-feed cabinet, sand-blast, V, 307-4 
Sight-feed lubrication, gas and oil engines^ 

ni, 300-1 
Signal relays, V, 251-2 

secondary potential, V, 256-j 
Signal strand, VI, 531-J 

galvanized, VI, 530-2 
Signs, mathematical, V, 365-5 

in algebra, I, 60-4 

in formulas, UI, 202-4 
SObermann kilogram, VI, 467-4 
Sflent chain transmission, n, 68-4 

center distance, 11, 69-4 

chain, 11, 61-4 

chain, Coventry, II, 71-2 

chain drives, design, 11, 69-5 

chain, efficiency, II, 69-1; III, 216-1 

factor of safety, II, 70-x 

for machme tools, n, 73-5 

joints for, n, 70-5 

life, n, 69-2 

link-belt, 11, 71-2 

lubrication, II, 69-4 

methods of guiding, 11, 70-1 

Morse, II, 70-5 

number of links, 11, 69-4 

Renoki, n, 71-2 

q)eed, n, 69-5 

sprockets, cutters for, 11, 71-5 

tooth forms for, II, 73-1 

Whitney, II, 71-2 
Silesian process, zinc smelting, VI, 564-2 
Silfraz for thermo-couple protection, V, 

221-5 
SiUca, V, 366-1 

brick, m, 137-4 

brick, melting point, m, 138-2 

in boiler feed water, 1, 397-1 

sand, rV, 411-4 

specific heat, V, 401-4 
Silicate, aluminum (China day), II, 215-1 

bond for grinding wheels, advantages, m, 

473-' 
grinding wheels, m, 471-4; 473-^ 
of alumina, brick, m, 137-2 
of cotton, TV, 409-5 
of magnesia (asbestine), II, 214-4 
of magnesium, VI, 180-2 
of soda as bond for grinding wheels, HX 

473-1 

of sodium as a cement for high tempera- 
tures, ni, 138-5 

zinc, VI, 563-4 
Silico-chromium sted, I, 82-1 
Silico-manganese steel, I, 82-r 
Silicon, V, 366-1 

as deozidizer, I, 495-4 

bronze, V, 366-1 

carbide (abrasive), U, i-i; 274-2 
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SilicoD, carbide, in graphite. III, 42S-5 

dioxide, V, 366-/ 

effect on iron and steel, 11, aiS-4 

in earth's crust, II, 93-/ 

influence on cast iron, II, 32-4; 280-1 

influence on high-speed steel, IV, 2-1 

in malleable castings, IV, 306-j 

in manganese steel, IV, 320-4 

in pig iron, V, 22-x 

in steel for casehardening, 11, 3-4 

in thennit steel, VT, 503- j 

in tool steel, VI, 301-j 

melting point, IV, 335-^ 

percentage in cast iron, n, 33-j 

percentage in high-speed steel, IV, 4-4 

percentage in nickd-chromium steel, IV, 
492-1 

removing in electric furnace, III, 246-r 

steel for preventing ageing, IV, 45-2 
Silicospiegel in Bessemer process, I, 352-1 
Silit for thenno-couple protection, V, 221-3 
Silundum, V, 366-2 
Silver, V, 366-2 

alloy resembling, I, 6^3; m, 412-4 

amalgams, 1, 91-2 

boiling point, I, 449-1 

brazing, I, 504-2 

bronze, IV, 320-2 

Chinese white. III, 412-2 

chloride, melting point, m, 251-4 

coefficient of heat radiation. III, 542-^ 

coefficient of heat transmission. III, 542-1 

deposited per ampere-hour, III, 42-j 

electric soldering, V, 395-^ 

electrolytic refining, III, 38-j 

finish for metal siurfaces. III, 134-2 

flux for soldering, V, 387-4 

German, III, 412-/ 

German (Argentan), 1, 124-4 

hardness, III, 538-1 

heat expansion. III, 541-j 

impurity in copper refining, m, 34-2 

latent heat, IV, 169-j 

melting point, IV, 335-^ 

Nevada, III, 412-2 

nickel, in, 41 2-1 

nitrate, etching reagent, IV, 355-' 

nitrate, molecular weight, IV, 410-4 

obtaining from lead ore, IV, 195-1 

paste, m, 134-4 

plating, in, 47-1 

plating die-castings, m, 48-4 

prints, V, i8-i 

refineries, electrolytic. III, 39-j 

solder, I, 500-3; V, 387-j; 388-1; 392-3 

soklering, V, 392-3 

soldering, band saws, V, 392-4 

specific gravity, V, 398-3 

specific heat, V, 401-4 

spuming, V, 460-3 

spinning, speed for, V, 454-1 

troy weight for, VI, 464-3 

voltmeter. III, 15-3 

weight per cubic inch, V, 398-3 
Silver, dectrolsrtic refining. III, 38-3 

Balbach-Thum cell. III, 39-^ 

Dietzei process, m, 38-3 

Moebius cell. III, 39-j 

refineries. III, 39-3 
Silvering brass parts, 11, 165-2 
Silveroid, III, 4x2-2 

Silverware, engraving machines for. III, 58-4 
Silver-white alloy, I, 69-3 
Simplate valve for air compressora, 1, 40-1 
Simple gearing. III, 387-J 
Simple indexing, IV, 48-3 
Simple interest, IV, 71-2 
Simple pendulum, V, 2-2; 2-4 
Sine, VI, 325-3 

arc, 1, 134-4 

bar, V, 366-4 



Sine, bar method, I, 96-r 

curve, n, 536-3 

protractor, 1, 96- J ; V, 366-4 

law of, VI, 327-2 

wave, n, 536-2 

wave, equivalent, V, 529-r 
Single-acting pump, V, 185-3 
Single-angle cutter, IV, 368-r 
Single-block wire-drawing machines, VI, 

511-J 
Single-cut files, m, 121-1 
Single phase, V, 10-2 

drcuits, II, 542-3 

generator, III, 390-2 

induction motor, IV, 469-1 

transformer connection, VI, 309-r 
Single-point boring bar, I, 459-2 
Smgle-point boring tool, I, 457-2 
Single pulley drives, IV, 270-4; 277-2 

grinding machine, HI, 436-2 
Single riveting, V, 269-3 

lap-joints, formulas, V, 371-1 
Sinking funds, V, 367-2 
Sinking heads, IV, 414-3 

in sted foundry practice, VI, 69-4 
Sulking impression in drop-forging dies, II, 

487-r 
Sintering iron ore, IV, 86-4 
Sinusoidal current, V, 529-j 
Siphon barometer, I, 248-4 
Siphon-barometric condenser, 11, 177-4 
Siphon condensers, II, 177-2 
Siphon tap, Arents', IV, 194-3 
S. I. screw thread, VI, 375-4 
Six i^iase, V, 10-3 

transformer connection, VI, 309-3 
Sise-block-and-gage locating method, IV, 

219-2 
Size-block locating method, IV, 316-4 
Size line, British pipe taps, V, 45-4 
Sizes, of drawings, n, 398-3 

of drills, n, 441-1 

of turret \aXhes, designating, VI, 35^^ 
Sizing attachment, automatic for grinding 

machine. III, 437-2 
Sizing machine tools and appliances, IV, 

284-2 
Skeleton core-boxes, IV, 541-2 
Skdeton patterns, IV, 533-4 
Skdp, VI, 331-^ 

plate, V, 284-2 
Skew bevel gears, V, 367-2 

Bartiett- V, 368-3 

Beale, V, 368-2 

cutting, V, 371-^; V, 373-1 

design, V, 369-^ 

formulas, V, 369-i; 371-4 

OUvier, V, 368-2 

pitch surface, V, 367-3 

practical forms, V, 369-2 

pressure angle, V, 373-^ 

sliding action, V, 373-'^ 

tooth proportions, V, 373-^ 

types, V, 368-1 

Willis, V, 368-1 
Skimmer tool, metal spinning, V, 457-^ 
Skimming devices for boiler feed water, I, 

402-2 
Skimming gates, IV, 414-^ 
Skin-dried molds, IV, 415-1 
Skinning loam, IV, 41 1-2 
Skip hoist, in steam plant, V, 133-2 
Slab, V, 282-4 
Slabbing machines, IV, 394-4 

horsepower, IV, 451-3 
Slab milling, IV, 401-2 

rotary planer for, V, 105-x 
Slag, bhist-fumace, I, 380-J 
Slag cement, 11, 36-2 
Slag lead, IV, 194-2 
SUg mop, VI, 66-3 



SUte, dectrical insulation, IV, 63-2 

for switchboards, VI, 141-4 

heat expansion. III. 541-4 

specific gravity, V, 400-2 

turning, V, 437-r 

weight per cubic foot, V, 400-2 
Slavianoff wdding process, VI, 485-1 
Sledge hanuners, I, 373-' 

hardening, I, 376-3 

sted for, 1, 374-3 
Sleeves for drills, designating size, IV, 385-3 
Sleeve-valve type engines, in, 394-2 
Slendemess, ratio of, II, 169-2 
Slicker-and-spoon, molders*, IV, 412-2 
Slide, action, rifle, profiling, V, 174-4 
Slide calipers, designating size, IV, 386-4 
Slide dies for die casting, n, 333-4 
Slide feeding mechanism, press, V, 159-2 
Slide-rest, development of, IV, 379-r 

for bench lathes, compound, I, 340-3 
Slide-role, V, 373-4 

area of drde, V, 381-j 

circumference of circles, V, 380-4 

construction, V, 374-1 

cube roots, V, 380-2 

cubes, V, 379-4 

division, decimals, V, 378-2 

divi^on, whole numbers, V, 377-r 

history, V, 373-4 

multiplication, continued, V, 376-3 

multiplication, decimals, V, 376-1 

multiplication, whole numbera, V, 375-2 

reading, V, 374-4 

square roots, V, 379-2 

squares, V, 379-' 
Slides, dovetail, measuring, n, 396-1 

grinding machine, protecting from dust, 

I, 303- J 
lubrication of, I, 289-2 
narrow guide, IV, 487-r 
protected by roller-blind guards, I, 304-3 
protection of machine, I, 300-4 
telescopic guards for, 1, 304-2 

Slide valve, eni^e, VI, 6-3 
balanced, IV, 226-2 
seats, false, IV, 225-4 
seats, truing, IV, 225-3 
setting, see "SUde valve, setting" 

Slide valve, setting, VI, 388-2 
adjustment of eccentric for lead, VI, 389-J 
automatic cut-off valves, VI, 394-4 
Buckeye automatic, VI, 395-4 
condensing engine, VI, 399-^^ 
cut-off too early, ^ect of, VI, 393-r 
cut-off too late, effect of, VI, 393-' 
eariy admission, effect of, VI, 392-4 
equalizing valve travel, VI, 388-J 
excessive compression, effect of, VI, 393-2 
for equal cut-off, VI, 391-' 
late admission, effect of, VI, 392-4 
locating dead centers, VI, 390-2 
Meyer valve, VI, 393-4 
position of eccentric, VI, 388-4 
reversible engine, VI, 39^-4 
riding cut-off valves, VI, 395-' 
use of indicator, VI, 392-' 

Sliding bushings in jigs, IV, 122-1 

Sliding contact bearings, I, 305-' 

Sliding friction, IV, 333-1 

Sliding gean, change-gear mechanism, V, 
410-4 
progressive, VI, 430-4 
sdective, VI, 430-4; 433-' 
speed-changing mechanism, VI, 430-3 

Sliding-key change-gear mechanism, V, 

409-4 
Sliding-pin clutch, V, 156-3 
Sliding points in jigs, IV, 123-4 
Sliding-sleeve drill chucks, II, 43x-'; 433-' 
Sliding worm-wheel change-gear mechanism 

V, 4"-<» 
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SKDgs for hoisting, n, 56-2 

•ooesflories, II, 59-2 

appiicatkxii of, n, 58-1 

three-part, n, 58-4 
SHp-catter boring bar, I, 463-2 
Slip, dectiical machinnn, V, 381-a 

induction motor, IV, 466-a 

regulator, IV, 437-4 
Slip in blast furnaces, 1, 380-3 
Slip in reciprocating pumps, V, 195-2 
Slip of belting on pulleys, 1, 336-1 
Slip planes, IV, 310-1 
Slitting cutters, metal, IV, 368-2; 381-j 
Slitting files» III, 120-2 
Slitting saws, IV, 368-2; 381-5 
Slope, turning tools, VI, 394-2 
Slot, filing a, m, 131-2 
Slots and grooves, micrometer for meas- 
uring, m, 199-2 
Slots, grinding holes having, m, 461-1 
Slotter (see "Slotting machines"), V, 381-j 
Slotting attachment, milling machine, IV, 

388-4 
Slotting cutters, screw, IV, 381-4 
Slotting files, m, 117-J 
Slotting machines, V, 381-j 

adjustment of ram, V, 382-2 

chtssi fi ca t ion, V, 381-i 

compared with planers, V, 94-4 

crank-driven, action, V, 381-4 

crank-driven, horsepower, IV, 452-j 

designating size, IV, 284-5 

die-stotting, H, 347-5; V, 384^ 

feeding mechanism, V, 381-4 

for gears, m, 340-4 

geared, V, 384-^ 

horsepower, IV, 448-2; 452-r 

locomotive frame, V, 384-5 

motor drive, IV, 450-4; V, 384-4 

names of parts, V, 381-5 

pneumatic clutch reversing mechanism, 
V. 385-1 

portable, V, 384-J 

operations hi, V, 382-5 

tools, V, 383-2 

tools, steel for, II, 274-2 

traveling-head type, V, 383-4 

vertical shaper, V, 351-4 
Slugs, water, in piping, V, 67-2 
Slush casHngB, VI, 568-2 
Slushing, in enameling, m, 56-4 
Small tools, steel for, n, 374-1 
Smeaton boring machine, IV, 278-4 
Smelter ccke, II, 147-5 
Smelting copper, 11, 204-4 

miscellaneous {xxxxsses, 11, 206-4 
Smelting fluxes for ores, III, 159-4 
Smelting lead, blast furnace for, IV, 194-2 
Smelting nickel ores, IV, 490- / 
Smelting zmc, VI, 564-7 

in electric furnace, m, 255-2 
Smoke, carrying ofif, from forges, m, 178-4 
Smokeless boiler furnaces, I, 410-2 
Smokeless combustion, II, 170-4 
Smokestacks, 11, 101-2 

finding height of, IV, 201 -i 

firebrick for, m, 143-r 

number of bricks for, m, 142-5 
Smooth-tooth broaches, I, 510-5 
Smyrna emery, I, $-4 
Snagging castings, V, 385-2 

wheels for, II, 274-5 
Snap-flasks, foundry, III, 212-2; IV, 412-5 
Snap gages, m, 269-j 

limit. III, 270-/ 
Snaps for pneumatic hammers, tempering, 

ni, 519-4 

Snifting valves, in uniflow engines, VI, 30-/ 
Snow-flaking (scraping), V, 320-5 
Snub pulleys in belt conveyor, II, 202-2 
Soi4>-brick, m, 140-5 



Soap lubricants, IV, 244-2 

for metal spinning, V, 460-2 
Soapstone, VI, 180-2 

dectrical insulation, IV, 63-2 

for furnace construction, m, 238-5 

lubricant for heavy loads and low speeds, 
IV, 345-4 

specific gravity, V, 400-2 

weight per cubic foot, V, 400-2 
Soap test for boiler feed water, I, 399-2 
Society for Testing Materials specifications, 
for cement, II, 35-4 

for steel castings, U, 31-2 

for structural steel, VI, iii-i 
Society of Automobile Engineers, screws 
and nuts, V, 327-4 

specifications for cast iron, n, 33-2 

specifications for malleable castings, IV, 
306-5 

q)ecification8 for steel castings, II, 31-1 

thread, VI, 370-5 

thread, tap drills, VI, 301-1 
Society screw thread, VI, 374-4 
Sockets, bridge, I, 505-5 

Brown & Sharpe taper, I, 530-r 

Cleveland grip, II, 131-2 ' 

for drills, designating sLee, IV, 385-5 

for flat-twisted drill, IV, 43 1-'^ 

for wire ropes, VI, 529-5 

Jamo taper, IV, 96-2 

Morse taper, IV, 431-2 

reamers for taper, V, 346-4 
Socket set-screw, hollow, V, 336-4 
Socket wrench, VI, 553-2 
Soda and potash solutions, V, 386-2 
Soda ash, for boiler feed water purification, 

I, ¥>S-3 
in bofler feed water, 1, 397- 1 
solutions, V, 386-2 
Soda* bicarbonate of, as a fire extinguisher, 
m, 143-4 
carbonate, cutting lubricant, IV, 353-2 
caustic, etching reagent, IV, 355-j 
process for boiler feed water purification, 

I.405-* 
specific heat, V, 401-4 
water as a lubricant for drilling, II, 

443-2 
water for lapping, IV, 167-/ 
Sodium, V, 386-5 
biborate, I, 457-2 
bicarbonate as a fire extinguisher, m, 

143-4 
carbide, spontaneous combustion, V, 

480-2 
carbonate, in boiler feed water, 1, 397-J 
carbonate, melting point, HI, 251-5 
chloride bath for annealing, III, 250-2 
chloride, in boOer feed water, I, 397-1 
chloride, melting point, V, 224-4 
effect on lead, IV, 194-j 
fluoride, melting point. III, 351-4 
in earth's crust, II, 93-x 
melting point, IV, 335-2 
nitrate bath for tempering, m, 350-2 
nitrate, melting point, m, 351-5 
pyrobate, I, 457-^ 

silicate as a cement for high tempera- 
tures, m, 138-5 
silicate, melting point, m, 351-5 
specific gravity, V, 398-5 
spontaneous combustion, V, 480-2 
siilphate in boQer feed water, 1, 397-7 
weight per cubic inch, V, 398-5 

Soft rubber, machining, V, 399-5 

Soft soMer, V, 386-4 
impurities, V, 387-7 
melting, V, 387-7 

Soft soldering, V, 389-5; 390-2 

Soil, bearing capacity of, for foundations, 
111,309-7 



Soil, specific gravity, V, 400-2 

weight per cubic foot, V, 400-2 
Solder, V, 386-4 

aluminum, composition of, V, 388-4 

aluminum, effect of dampness, V, 393-4 

for German silver, IH, 413-5; V, 388-7 

for gold, V, 388-2 

for various metals, V, 387-4 

fusible aUoys, V, 388-2 

l»rd, V, 387-5 

impurities in soft, V, 387-7 

melting furnace for. III, 334-5 

melting soft, V, 387-7 

Navy specifications, V, 387-2 

{lumbers', V, 388-5 

silver, I, 500-5; V, 387-5; $9^-3 

soft, V, 386-4 

soklering, V, 389-5 

soldering paste, V, 388-4 

spdter, I, 503-5; V, 387-5; 444-^ 

wiping, V, 388-5 
Soldered joints in sheet iron, V, 339-7 
Soldering, V, 389-5 

aluminum, V, 393-7 

aluminum soldering bit, V, 394-2 

aluminum solders, effect of dampness, V« 

393-4 

aluminum, tinning, V, 393-5 

autogenous, I, 150-5 

band saws, V, 393-4 

cast iron, use of epicassit, m, 64-7 

electric, V, 394-4 

electric, current for, V, 395-5 

electric, flux for, V, 397-2 

electric, machine for, V, 396-2 

fluids, noncorrosive, V, 393-2 

flux, aluminum, V, 394-7 

fluxes, misceUaneous, in, 159-4; V, 391-4 

flux for electric, V, 397-2 

flux for soft, V, 391-7 

flux, rosin, V, 391-4 

flux, xinc chloride, V, 391-5 

hard, I, 500-5; V, 392-3 

paste, V, 388^4 

sflver soldering, V, 393-5 

soft, V, 389-5; 390-2 

soldering-copper, V, 389-5 

soldering-copper, position of, V, 390-4 

soldering-copper, tinning, V, 390-7 

soldering-iron, V, 389-5 

soldering-iron, copper alloy for, 11, 307*7 

soldering-iron, designating size, IV, 386-5 

soldering-tools, V, 389-5 

sokiers, V, 386-4 

speed of, V, 390-4 

sweating, VI, 139-5 
Soldiers, molders', IV, 413-1 
Solenoid brakes, I, 488-5 

capacity, I, 489-2 

for cranes, 11, 349-5 
Solenoid-operated circuit-breakers, TI, 120-7 
Solenoid operation of oil switches, VI, 174-4 
Solenoid tjrpe rdays, V, 349-4 
Solid bodies, specific gravity, V, 398-2 
Solid, definition. III, 307-7 

of revolution, volimie. III, 488-5 
Solid solution, II, 7-5 
Solution of triangles, VI, 334-7 

formulas, VI, 328 

methods, VI, 327-2 

use of logarithms, VI, 327-4 
Solutions, for electrochemical cleaning 
baths, m. 28-7 

for electroplating. III, 42-5 

soda and potash, V, 386-2 

solid, n, 7-5 
Solving oblique-angled triangles, formulas, 

VI, 339 
Solving right-angled triangles, formulas, 

VI, 338 

Soot blower, mechanical, V, 134-4 
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Sorbite, H, 7-5; IV. 3S2-J 
Sorbitic steed, VI, 63-1 
Soss die-casting machine, 11, 322-3 
Sound magnifier for lapping, IV, 164-J 
Souther testing machine, VI, 232-j 
Space nipple, V, 4S-3 
Spacing bar for engine lathe, IV, 176-2 
Spacing, circular, IV, 192-2 
Spacing coils of springs, V, 483-4 
Spadng dividers, II, 403-2 
Spacing holes equi-distant, II, 389-^ 
Spadng holes with disks, IV, 216-2 
Spadng methods for graduating, in, 420-1 
Spacing of lever switch, VI, 155-4 
Spadng of rivets, V, 270-3 
Spacing tables, automatic, punching ma- 
chines, V, 216-4 
Spain, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-4 
Spandrel, IV, 340-2 
Spanish polishing wheels, V, 124-j 
Span, length measure, VI, 463-4 
Spanner wrench, VI, SS3-J 

designating size, IV, 286-2 
Spark coil, induction, Ruhmkorfif, V, 300-3 
Spark gap, V. 398-1 

Sparking, at brushes of generators or motors^ 
m, i-i 

converters, m, 12-2 

D. C. motors, IV, 479-4 

induction motors, HI, 8-4 
Spark pictures of steel, IV, 82-4 
Sparks, estimating depth of cut in grinding, 

III, 449-1 
Spark test, practical application, IV, 83-4 
Spathic iron ore, IV, 85-2 
Spedal steel, definition, VI, 63-2 
Spedflcmtioiis, aluminum, I, 86-j 

anvils, 1, 104-1 

belting, I, 321-5 

boilers, A. S. M. E., 1, 432-2 

brass tubing, I, 499-4 

cast iron, I, 109-4 

cast iron. Automobile Engineers, n, 33-2 

cast-iron pipe, V, 24-1 

cement, n, 35-4 

coal, n, 145-4 

composition pipe fittings, V, 42-2 

cupro-nickel, U. S. Navy, 11, 282-2 

drill rod, 11, 465-2 

drills, U. S. Navy, 11, 472-2 

grindstones. III, 488-r 

gun-metal. III, 488-j; 489-j 

high-speed sted, IV, 4-3 

hose coupling thread, IV, 32-2; 33-1 

l»d oil, IV, 255-/ 

malleable castings, IV, 306-j 

manganese-bronze, IV, 318-4 

mond metal, IV, 429-4 

motor drive, IV, 445-2 

Muntz metal, IV, 485-2 

nickel sted, IV, 496-j 

nonferrous alloys, U. S. Navy, I, S7-3 

phosphor-bronze, V, 12-j 

rawhide ladng leather, I, 321-4 

solder, V, 3S7-2 

spdter solder, I, 503-j 

spring sted. Navy, V, 501-J 

steel bolts, Navy, I, 453-4 

sted castings, Automobile Engineers, 11, 

31-X 

sted castings. Navy, II, 30-4 

steel castings. Society for Testing Mate- 
rials, U, 31-2 

structufal sted, VI, iii-i 

switchboards, VI, 152-1 

wiring, for motor drive, VI, 532-3 

wrought iron, VI, 557-4 
Specific gravity, V, 398-/ 

compared with degrees Baum6, V, 400-j 

densitameter, V, 399-2 



Spedfic gravity, determining, V, 399-i 

device for detennining, V, 399-2 

gases, V, 398-4 

gases, table, V, 399-^ 

liquids, V, 398-2 

liquids, aerometer for determining, I, 27-/ 

liquids, hydrometer for determining, I, 
264-j; IV, 44-3 

liquids, table, V, 398-4 

metals, table, V, 398-3 

oils, relation to calorific power, m, 220-1 

woods, table, V, 399-1 
Specific heat, ni, 542-2; V, 401-2 

of air, I, 28-2 

of firebrick, m, 138-2 

of superheated steam, VI, 122-j 
Specific horsepower, water turbine, VI, 

457-J 
Specific inductive capadty, n, 540-2 
Spedfic resistance, V, 264-3 
Spedfic speed, water turbine, VI, 457-3 
Specimen, test, cold-bending, VI, 230-3 

compression, VI, 228-3 

tensile, cast iron, I, X09-3 

tensOe, sted, VI, 225-3 

torsional, VI, 229-3 

transverse, cast iron, VI, 228-4 
Speed (see also "Speeds and feeds")* V, 

433-x 

accderating countershaft, 11, 228-2 

A. C. generator, III, 395-2 

adjustment, governor, engine, VI, 400-j 

air compressors, I, 45-4 

buffing wheels, V, 125-4 

bursting, H, 44-r 

chain drives, II, 64-1 

chain, silent, II, 69-3 

changes, machine tool, ease of mampula- 
don, IV, 274-4 

changes, machine tool, number required, 
IV, 274-r 

changes, mechanisms for, see "Speed and 
feed mechanisms" and "Speed mecha- 
nisms, variable" 

characteristic, turbine runners, VI, 450-1 

constant, water turbine, VI, 450-3 

control, induction motor, IV, 469-1 

converters, 11, 192-3 

countershaft, arrangement of, IV, 371-2 

critical, n, 267-4 

cutting, see "Speeds and feeds" 

D. C. generator, m, 403-2 

flywheels. III, 162-3; 163-2 

gas engines. III, 294-4 

hidicator, VI, i8o-r 

indicator, tachometers, VI, 179-2 

knurling in automatic screw machine, I, 

176-4 
lathe, see "Speed lathe" 
leather belts, I, 321-1 
limit, water turbines, VI, 450-3 
machine tools, cutting, see "Speeds and 

feeds" 
machine tools, determining, IV, 271-j 
mechanisms, see "Speed and feed mecha- 
nisms" and "Speed mechanisms, varia- 
ble" 
metal spinning, V, 453-4 
piston, steam engines, VI, 5-4 
planer, factors governing, V, 98-4 
planer, variable, V, 98-2 
polishing wheels, V, 125-4 
pulleys, V, 182-7 
range, Barth, IV, 272-2 
range, chromatic, IV, 272-2 
range, logarithmic, IV, 272-2 
range, machine tool, table for, IV, 272-4 
ratio of gearing, how to find. III, 388-r 
ratio tables for epicydic gearing, in, 66-4 
regulation of A. C. motors, 11, 187-4 
regulation of D. C. motors, II, 187-2 



Speed, regulator, drill, II, 464-2 
rope transmission, V, 295-4 
rubber bdts, I, 328-2 
shaper, variations, V, 347-3 
spedfic, water turbine, VI, 457-3 

Speed and feed mechaniemt, V, 402-r 
automatic screw machine, 1, 189-2 
bench lathe headstock, V, 407-4 
boring, drilling, and tapping machine, V, 

415-1; 418-r 
boring machines, horizontal, V, 430-3 
boring mill, vertical, V, 431-4 
cam milling machine, V, 432-4 
chamfering gear teeth for, m, 381-3 
dutch lathe headstock, V, 404-3 
dutch-type, VI, 431-4 
cylinder boring machines, V, 429-4 
cylindrical grinder, V, 432-2 
cylindrical grinder, speed-box, V, 432-3 
drill feed mechanisms, V, 417-1 
drilling machines, V, 413-2 
high-power drill, V, 414-2 
lathe headstocks, double back-geared, V, 

402-1 
lathe headstocks, friction-driven, V, 407-4 
lathe headstocks, geared, V, 402-3 
lathe headstocks, geared motor-driven, V, 

404-1; 406-2 
milling machines, horizontal, V, 423-3 
miUing machines, vertical, V, 425-3; 

427-3 

milling machines, vertical, non-adjust- 
able, V, 429- J 

multiple-spindle drill, V, 416-2 

quick change-gear mechanisms, V, 408-2 

radial drills, V, 414-4; 418-4 

sensitive drill, V, 415-4 

shaper, V, 348-4; 430-2 

turret lathe change gear-box, V, 412-4 

upright drills, V, 413-2 
Speeder, micrometer, IV, 364-2 
Speeding attachments for drilling machines, 

n, 463-3 
Speed lathe, IV, 170-4; 177-3 

motor drive, IV, 449-4 
Speed mechanisms, variable, VI, 418-4 

belted cones with compensating band, VI, 

425-3 
bdted cones with intermediate pulley, VI, 

425-4 
circular friction surfaces, VI, 421-4 
dutch transmission, VI, 432-4 
dutch transmission and sUent chain, VI, 

433-1 
cone of gears, double, VI, 431-2 
conical rollers inside friction wheds, VI, 

425-a 
conical pullesrs, VI, 420-2 
cylindrical friction wheel, VI, 421-4 
di£ferential gear mechanism, VI, 423-2 
double-cone friction wheel, VI, 421-3 
double cone with band contact, VI, 422-/ 
double gear cone, VI, 434-3 
early devices, VI, 419-2 
dectrical, VI, 435-1 
epicydic gearing, VI, 433-3 
expanding pulley, VI, 426-3 
frictional gearing, VI, 423-r 
friction disks, VI, 420-2 
gear and dutch, VI, 431-3 
geared, VI, 430-2 

hollow cone and friction whed, VI, 424-2 
"jack-in-the-box," VI, 423-^ 
magnetic frictional gearing, VI, 426-2 
oscillating grip ring, VI, 429-4 
paralld cones and friction wheels, VI, 

424-4 
planetary gearing, VI, 433-3 
pole lathe, VI, 419-j 
ratchet transmission, VI, 428-3 
sdective transmission, VI, 433-2 
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Speed mechjuiian^ variable. Sellers, VI, 

4M-4 
flKding gears, VI, 430-3 
straight and curved cxmes, VI, 422-4 
toggle and friction rittchet, VI, 439-^ 
tumbler gear and cone, VI, 432-x 
Speeds and feeds, V, 433-1 
aluminum, 1, 87-2; S7-3 
band-saws, for sawing wood, I, 243-4 
box tools, 1, 163-/ 
cam grinding, I, 549-4 
carbon and high-speed steel compared, 

V, 436-4 

centering in automatic screw machine, I, 
i64-a 

cold sawing, V, 443-' 

ooonterbores in automatic screw machine, 
I, 168-J 

cutting with and without water, V, 436-4 

cylindrical grinding, HI, 468-j 

disk grinding, II, 385-' 

drilling, n, 441-j; V, 438-' 

drilling in automatic screw marhinff, I, 
165-2 

durability of tool, V, 435-2 

effect of lubricant, V, 435-r 

flat twbted drills, II, 445-1 

for different grades of steel, IV, 493-5 

form grinding. III, 471-2 

forming tools, 1, 154-r 

gear cutting, V, 441-2 

gear cutting, tables, V, 442; 443 

gear bobbing, V, 441-4 

grinding. III, 468-1; 477-' 

high-speed steel drills, V, 441-1 

hollow mills, 1, 162-1 

internal grindhig, m, 469-4 

milling feeds, V, 438-2 

milling speeds, V, 437-4 

planing feeds, V, 437-4 

planing sptedB, V, 437-2 

reaming in automatic screw machine, I, 
169-J 

recessing in automatic screw machine, I, 
17 1-2 

roll turning, V, 289-2 

shaft turning, V, 342-1 

shaving tools, 1, 163-5 

surface grinding, m, 470-4 

tapping, VI, 202-4 

thread rolling, 1, 175-j 

turning, factors limiting speed, V, 434-4 

turning, feed, V, 434-r 

turning, speed, V, 433-2 

turning unusual materials, V, 437-1 

woodworking macUnes, V, 444-1 
Spellerizing, VI, 332-4 
Spelter, V, 387-5; 444-« 

classification, VI, 566-1 

solder, V, 387-5 

solder for brazing, I, 503-j; 504-r 

solder, specificationa» I, 503-5 

ainc, VI, 563-2 
Spencer automatic screw machine, I, 179-2 
Sperm oil, IV, 244-2 

coefficient of friction, m, 216-2 

effect on friction, IQ, 215-2 
Sphere, V, 444-2 

development, V, 360-1 

hollow, IV, 344-4 

hollow, center of gravity, m, 431-1 

mensuration, IV, 343-4 

moment of inertia, IV, 58-5 

relation of volume to other solids, IV, 

345-5 
sector, IV, 344-1 

sector, center of gravity, m, 431-r 
sector, moment of inertia, IV, 58-5 
segment, IV, 344-2 

segment, center of gravity, m, 430-2; 
43W 



Sphere, segment, moment of inertia, IV, 

wedge, IV, 344-5 

zone, IV, 344-2 

cone, center of gravity, m, 430-2 
Spherical boring, V, 449-2 

boring-bar, V, 450-1 

in boring mill, V, 451-5 
Spherical candlepower, I, 556-5 
Spherical shells, strength of, V, 444-2 
Spherical surface, center of gravity, m, 

430-2 
Spherical taming, V, 444-5 

attachments, V, 445-5 

in boring mill, V, 451-5 

in engine lathe, V, 445-r 

in turret lathe, V, 448-4 

in vertical turret lathe, V, 450-4 

piston crowning, V, 446-4 

pulley crownmg, V, 447-2 

pulley crowning in boring mill, V, 451-2 

radius-bar, V, 447-4 
Spheroid, V, 453-1 

mensuration, IV, 345-1 

segment of, center of gravity, HI, 431-2 
Spider, field, synchronous motor, IV, 471-2 
Spiders (handles), m, 504-5 
Spiegeleisen, III, 109-4; V, 453rr 

in Bessemer process, I, 352-j 
Spieaing in anc smelting, VI, 564-4 
Spigot and bell joint, V, 43-r 
Spikes, IV, 486-1 

holding power, IV, 486-4; V, 453-' 

marlin, V, 290-j 
"Spilly" wrought iron, VI, 5S7-4 
Sphddle-and-sweep molding method, IV, 

419-^ 
Spmdle drives, for automatic screw ma- 
chine, 1, 189-2 
Spindles for grinding wheels, m, 483-1 
Spindles, lubrication of vertical, I, 291-2 
Spindle staybolt taps, V, 545-5 
Spinning brass, composition of, V, 460-5 
Spinning machine, rivet-, V, 268-2 
Spinning metals, V, 453-2 

annealing, V, 459-2 

arbors, V, 456-2 

brass for, V, 460-5 

chucks, V, 454-4 

chucks, sectional, V, 455-7 

chucks, use of, V, 456-2 

comparison of spinning and drawing in 
dies, V, 453-5 

followers, V, 456-4 

forms, V, 454-4 

gold, V, 460-4 

lathe, V, 453-4 

lubricants, V, 460-2 

metals for, V, 460-2 

pickling, V, 459-' ; 4604 

plugs, V, 456-1 

pn>cedure, V, 458-2 

reflectors, V, 458-2 

silver, V, 460-4 

speeds, V, 453-4 

tools, V, 457-7 

tools, beading, V, 458-1 

tools, materials for, V, 457-4 
Spiral, V, 460-4 

angle, IV, 407-2 

angle of herringbone gears, m, 54^4 

angle, spiral bevel gears, V, 472-5 

bevel gears, see "Spiral-type bevefeears" 

compensating mechanism for reliving, V, 
264-j 

flutes, cutter for, IV, 407-4 

flutes in reamers, V, 243-5 

flutes, milling, IV, 372-2 

flutes, planing attachment, V, f^-2 

gear hobs, IV, 24-2 

gears, see "Spiral gearing" 



Spiral, grooves with end-mill, cutting, IV, 
408-r 

head, 11, 394-2 

head, setting for milling clutch teeth, n, 
133-5 

head, used for cam milling, I, 552-1 

helix, ra, 543-5 

helix, geometrical construction, m, 41 2-1 

hobs, relieving, V, 263-r 

jaw dutch, II, 132-4 

lead of, with given change-gears, IV, 
407-2 

milling, IV, 405-2; 407-5 

milling attachment, IV, 388-j 

milling attachment for short lead, IV, 
390-2 

milling, change-gears, IV, 406-/; 407-4 

milling cutter, IV, 367-5; 360-4^ 

milling cutter, milling teeth m, I\^ 371.J 

mining with universs/ attachment iv, 
408-2 \ ' 

of twist drills, 11,/^j ^ 

perforating, V, 74 

planing, angle a guide bar, V, 94-2 

planing attachuent, geared type, V, 94-j 

riveted pipe, V 25-2 

springs, V, 49.*4 

springs, formias, V, 495-5 
Spiral bevel ti^ (see also "Spiral-tsrpe 

bevel geai*'), V, 470-4 
Spuid-geared ianer drive, V, 97-4 
Spiral-geared ilaners, speeds, V, 100-2 
Spiral gearilf V, 461-2 

bevel, see,Spiral-t3rpe bevel gears" 

calculatirfdimensions, V, 462-j 

center a.ie, V, 461-2 

cutters / milling teeth, V, 467-4 

cutting angular position of table, III, 

325-' 
cuttin/^ milling machines, m, 324-4 
desigi<8t procedure, V, 468-2 
diam^ pitch, V, 461-4 
feed f bobbing, V, 443-1 / 

for 4nes, H, 256-4 / 

for;*!* for selecting cutter, den^tra- 

fn. v; 469-5 / 

gjyhical method of solution, Vfis-3 

b/in^ne, m, 544-1 / 

Ridley, IV, 8-2 

pi for, IV, 13-4 ' 

Id, V, 462-r 

Achines f or cuttiK, se Spiral geanng, 

machines for cu^Ung 
methods of cutting, n M6-2 
milHng the teeth, IH, a6-i 
number of cutter for, A. S^S-* ^ ;- 
pitch diameter, V, 4^^^ >> 

pitch of cutter tor, 1% 3^$-' ^ 

rules and formllaa, \ 467-' 

shafts at 45* a<«l«. '; ^^' 
shafts at any anglc^ . 469-^ 
shafts at right ang(». V, 469-' 
shafts paraUd V^9-r 

tooth angle, 7, 4';^ „ ^ 
tooth angles, rul^^or, V, 469-' 
thrust diagtfuns,^^. 468-2 ^„^^- 

Spiral geariig, Aachines for cutting, 

in, 3S6»4 
automatic^ 11X359-4 
formed-toDl p^dple, HI, 357-^ 
herringbotie ^» milling, lU, 359-* 

bobbing. ni,)6i-5 TTT ,fiw 

hobbinft ch^ge-gcars for, lU, 303-4 
hobbbg heirfngbone gear, Ul, 367-4 

millin&ra 357-4 . ^ , -^ ,-^, 
nioIdiBg-g^erating pnndple, lU, 3^0-2 

planer lU 360-5 

principles of action, Ul, 356-4 

shaptr, in. 361-r 

shaper attachments, m, 3S7-' 

sptctTae^^ sears, m, 355-5 
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Spinl-type bevel geen, I, 367-2; V, 

470-4 
addendum, V, 474-5 
advantages of, I, 367-J 
angle of spiral, I, 366-2 
calculations, V, 476-/; 478-^ 
cone distance, V, 476-4 
cutter, 1, 369-' 
cutter, finishing, V, 475-^ 
cutter radii, finishing, V, 476-4 
cutter settings, V, 474-4 
cutting angle, V, 476-4 
cutting teeth, V, 474-J 
design, I, 369-1 
direction of rotation, V, 471-2 
direction of spiral, I, 368-j 
efficiency, V, 479-2 
face angle, V, 476-4 
face width, V, 472-4 
formulas, V. 47^ 
formulas, applicaCon, V, 478-2 

formulas, derivation . V, 476-j 

laying out, V, 477-' 

lead, V, 471-4 

macfame for cutting, il\ 355-j 

pressure angle, V, 473*4; 

principles, V, 470-4 

spiral angle, V, 472-J 

stKDgth, I, 368-J 

thrust, I, 368-j; V, 471-2- 

tooth form, V, 473-4 » 

tooth proportions, V, 473-<2 

tooth thickness, V, 476-4 

wear, 1, 368-J 
Spirit leTelt, IV. 198-4 

angle, IV, 300-4 

bubble, mounting, IV, 300-3 

designating size, IV, 386-4 

for shop use, IV, 200-3 

pvduations, IV, 198-4 

testmg, IV, 199-2 
S)irit varnish, VI, 436-2 
Sltz-tool for steel type, V, 527-2 
Sl^'h-piates on machine tools, IV, 3^.2 
SplU.^ Eni^ish M^mMoiw V, 390 
eye-makftig, "^T39o^? 
long, <akiiigi V, 390-j 
short, ..•^king, V, 289-4 

Splicing, y«N V, 289-3 

' £nglish'^ra^R|]allion splice, V, 290-^ 
eye-sptice,V,9o-9 
long spto»V,ipo^ 

securing thee* of the strands, V, 3dL 
short spbce. y.^4 ^ 

traiV'-^wn 10^ V, 290.4 
yM^Pe. V, 29* "^^ 

5>pUne key, IV, 146-^ 
dimensioiia, IV, i^ 

Spjines, multiple, IV,ui.4 
hobs for. IV, 13-2 ^ 

S^t adjustable dies, I^8o^ 

^ht collar clamping d|ces. H, 126-4 

Spht muff coupling, n, 1,9' ' "'^^ 

Spht patterns, IV, 532-^ 

bplit piston rings, testinaV, 85.7 

Split pullqr, V, 180-/ * 

Splitting piston rings, V k.^ 

Q ^ "li?" splitting, V. V4 
Spilt welding, VI, 471-2 ^ 
Spokes, wire, swaging, VI, ^2 
bpoQgmess. in alloys, I, 66-j 

in castings, II, 27-3 
Spontaneous combustion, V. ^0.4 
Spoon, molders', IV, 412-7 
Spoon riffler, HI, 122-3 

for die-sinking, H, 488-4 
Spots in oxy-acetylcne welding, VI, 478-r 



Spotting (scraping), V, 320-3 

Spotting, for grinding steadyrests, V, 551^ 

for lathe steadyrest, V, 553-/ 
Spotting out in electroplating, m, 44-1 
Spot wekiing, electric, VI, 483-4; 49S-' 

machine for, VI, 495-4 

on butt-welding machines, VI, 489-1 

strength of welds, VI, 496-j 
Spraying carburetor, m, 287-j 
Spraying, in enameb'ng, III, 56-4 

japanning by, IV, 94-4 
Spraying pistol, Schoop, V, 317-2 
Spraying process, Schoop metal-, V, 316-2 
Sprigs, IV, 486-j 
Spring (see also ''Springs"), V, 492-3 

brass, I, 490-3 

brass, modulus of elasticity, V, 493-3 

Drover's, IV, 223-2 

plungers, 11, 130-3 

pressure on pump valves, V, 194-1 ■ 

rigging, locomotive, IV, 236-4 

screw threading dies, n, 377-'; 378-3 

screw threading dies, adjusting collais 
for, n, 1 2 1-4 

steadyrest for grinding, V, 546-a 

steel, see "Spring steel" 

thread-tool holder, VI, 279-r 

toe latch for dies, VI, 82-2 

winding, see "Spring winding" 

wire, for wire forming, VI, 517-3 
Spring!, V, 492-3 

appOcations, V, 493-2 

calculations, V, 493-2 

classification, V, 492-3 

cofl, conical, V, 498-4 

ooil, formulas, V, 496-j 

coiling (see "Spring winding"), V, 487-2 

coiling machines, V, 487-2 

coil, safe stresses, V, 496-2 

coil, types, V, 493-4 

compression, V, 480-4 

conical, winding, V, 483-4 

elliptic, calculations, V, 493-4 

elliptic, types, V, 492-4 

extension, V, 480-4 

factor of safety, V, 496-4 

flat, calculations, V, 493-3 

flat, testing strength of, VI, 33S-4 

flat, types, V, 493-3 

forming eyes on, V, 493-2 

for safety valves, 1, 446-3 

grouped, V, 499-3 

heat-treatment, V, 500-2 

helical, calculations, V, 497 

helical, formulas, V, 496-1 

helical, safe stresses, V, 496-2 

helical, types, V, 492-4 

initial tension, V, 496-4 

installation, V, 491-3 
\ materials for, V, 499-4 
\ Navy specifications, V, 501-1 

phosphor-bronze for, V, 500-1 

repeated stress tests, VI, 331-3 

rubber used for, V, 300-2 

spiral, formulas, V, 495-3 

ipiral, types, V, 493-4 

^uing ends, V, 498-j 
i Seel for, V, 499-4; S00-3; 501-1 

\sbes8es produced by shocks, V, 501-2 

teision, V, 480-4 

tonion, plain, formulas, V, 499-2 

winding, V, 480-4 
Sprini steel, V, 499-4; S00-3; 501-1 

heat-treatment, V, 500-2 

Navy specifications, V, 501-1 

oxy-aictylene welding, VI, 477-2 

strength of, VI, 98-3 
Spring ninding, V, 480-4 

arbor (iameters, V, 485-4 

dose coils, V, 484-4 

conical springs, V, 483-4 



Spring winding, definition, V, 487-2 

from qx)ols, V, 483-2 

hand winding tool, V, 483-j 

hook for coil spacing, V, 483-4 

in lathe, V, 480-4 

in lathe, tools for, V, 481-j 

irregularly shaped, V, 484-1 

lathe gearing for, V, 487-j 

light springs, device for, V, 483-3 

machines for, V, 487-2 

machines for continuous qiiings, V, 491-3 

piano wire, table, V, 486-1 
SprinUers, automatic, in factories, m, 

144-' 
Sprocket chain, making, II, 53-4 

pitch of, n, 78-1 
Sprockets, n. 63-1 

action of link-belts on, n, 74-2 

center distance between, n, 64-2 

clearance, n, 67-4 

design of roller chain, 11, 63-1 

diameters, n, 66-1 

double-tooth, II, 76-4 

face, n, 76-3 

gap, n, 77-1 

hook tooth, n, 77-2 

Unk-belt, II, 75-4 

machining, n, 68-1 

number of teeth in, II, 64-3 

shaft diameters, II, 66-3 

traction, n, 76-3 
Spruce, as fuel, m, 319-2 

holding power of nails in, V, 453-2 

specific gravity, V, 399-' 

transmission line poles, VI, 316-4 

weight per cubic foot, V, 399-1 

weight per foot, V, 401-2 
Sprue-cutters of die-casting machines, II, 

330-1; 333-3 
Sprue, in drop-forging, II, 489-3 
Spuds, planer, V, 11 7-2 
Spur-geared chain hoists, IV, 36-4 
Spur-geared planer drives, V, 97-1 
Spur-geared planers, speeds, V, 100-2 
Spur gearing, V. 501-3 

arms, design, V, 5x6-1 

attachments for cutting large, m, 334-3 

brass, V, 512-3 

bronze, V, 513-3 

cast iron, V, 51X-3 

cast-iron and steel compared, V, 514-3 

cast-iron, safe tooth pressure, V, 5x4-4 

cast steel, V, 5 11 -4 

chordal thickness of tooth, in, 324-r 

dash gears, material, V, 515-3 

doth, V, 5x2-4 

cutters for, m, 322-2 

cutting in milling machine, m, 323-2 

cutting large gears. III, 324-4 

cydoidal, V, 5x8-1 

design, V, 515-J 

diagram, 11, 306-1 

dimensions of arms, V, 5x6-1 

drawings, V, 5x6-3 

durability, V, 509-4 

cffidency, m, 315-4; V, 5x0-1 

equivalent spur gear, 1, 354-^; V, 463-3 

feed for bobbing, V, 44X-4 

fiber, V, 5x3-4 

formulas, examples of use, V, 503-3 

gear tooth parts, tables, V, 504-/; 

505-5 
hobs for, IV, X3-4 
in machine tool drives, V, 5x4-3 
internal, IV, 75-i 
involute, V, 517-3 
laminated, V, 5x3-4 
Lewis formula, IV, 303-j; V, 507-4 
limits, V, 5x6-4 
line of action, V, 51 9-1 
long addendum, I, 366-3 
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Spur gearing, machines for cutting, see 
"Spur gearing, machines for cutting" 

materials, V, 511-j 

metric ^stem, V, 507-2 

micarta, V, 513-2 

module system, V, 507-2 

number of cuts required, m, 324-2 

paper, V. 513-4 

pressure angles, V, 518-4 

price, formula, V, 51 1-2 

principles, V, 501-5 

racks, materials, V, 514-2 

rawhide, V, 512-5 

rules and formulas, V, 503 

setting cutter central. Ill, 322-5 

setting cutter to depth, in, 323-x 

steel, V, 51 2-1 

steel and cast iron, compared, V, 514-5 

steel, grades, V, 515-r 

steel, heat-treatment, V, 515-J 

Btrength, V, 507-5 

strength, ndes and formulas, V, 508-j 

strength, simplified formulas, V, 510-4 

terms used, V, 501-4 

testmg position of putter, m, 322-4 

testing thickness of tooth. III, 323-2 

tooth proportions, illustration, V, 506- 1 

tooth systems, V, 517-2 

velocity, effect of, on strength, V, 510-2 

weight, formula, V, 511-2 

width of face and pitch, relation, V, 509-x 
Spur gearinc, machines for cutting, m, 

334-4 
attachment for large spur gears, m, 

324-5 
automatic, m, 335-^ 
automatic, change-gear mechanism, III» 

336-4 
automatic, operating, III, 337-2 
describing-generating principle, III, 333-j 
formed-tool principle, m, 331-4 
bobbing, HI, 343-2 
bobbing, change-gears for, m, 344-4 
internal gears, m, 346-4 
large, m, 339-* 

methods of operation, m, 333-5 
molding-generating machines, bobbing 

type, m, 343-' 
moldmg-generating machines, shaper 

type, III, 340-4 
molding-generating principle, m, 333-2 
odontographic principle. III, 332-4 
planer, III, 339-J 
principles of action, m, 331-4 
shaper, III, 341 -i 
diaper, rack-cutter type, HI, 342-4 
Blotter, in, 340-4 
templet principle, m, 332-5 
Square, IV, 338-2 
caliper, designating size, IV, 286-4 
combination, V, 520-4 
combination, for setting surface gage, IV, 

191-4 
disk method of testing, V, 521-4 
files, ni, XI 7-4 
files, application, III, 133-2 
flat plates, strength of. III, 154-5 
geometrical construction, in, 41 1-2 
hole drill, 11, 473-2 
hoUow, moment of inertia, I, 265-5 
hollow, radius of gjrration, I, 265-5 
hollow, section modulus, I, 265-5 
inch, pound per, equivalents, VI, 464-4 
machinists', V, 520-4 
machinists', designating size, IV, 287-/ 
machinists', testing, V, 521-j 
measure, VI, 464-j 
measure, metric, VI, 465-2 
measure, metric conversion, VI, 465-5 
mile, equivalents, VI, 464-j 
moment of inertia, I, 265-5 



Square, of a number, in, 203-2 

on slide-rule, V, 379-J 

on tap shanks, ni, 509-/ 

plate, stopping off, in molding, IV, 549-J 

polar moment, VI, 106-/ 

prism, V, 165-/ 

prism, mensuration, IV, 342-j 

radius of gyration, I, 265-5 

root, see "Square root" 

section modulus, I, 265-5 

thread, see "Square thread" 

thread tool, see "Square thread" 
Square-and-disk locating method, IV, 216-j 
Squaie-and-disk method for measuring 

angles, I, 98-/ 
Square-arbor lathe, IV, 179-1 
Square-box wrench, VI, 553-2 
Square-edged gibs, m, 415-2 
Square-nose tool, IV, 181-2 

bent, V, 1 14-2 

planer, V, 114-j 
Square root, V, 519-2 

extracting, V, 519-3 

in algebra, I, 61-2; 64-4 

of numbers, HI, 203^ 

on slide rule, V, 379-2 
Square thread, VI, 276-1 

cutting, VI, 239-2 

dies for, n, 379-1 

difficulties in cutting, VI, 276-1 

milling, VI, 261-J 

taps for, V, 522-1 

taps in sets, I, 25-5 

tools, table, VI, 240-1 
Squaring taps, VI, 2x8-4 
Squeezer, molding machine, I, 496-1; m, 

213-5; IV, 424-5 
wrought-iron manufacture, VI, 559-5 
Squeezing (molding) machine, IV, 424-5 
Squirrel-cage motors, controllers used for, 

n, 190-4 
Squirrel-cage rotor, IV, 462-4 
Stabilit, IV, 64-4 
Stacks, foundations for, m, 239-2 

furnace, m, 238-5 

guyed steel, V, 136-r 

metal, furnace, in, 238-4 

power plant, V, 135-4 

self-supporting steel, V, 136-1 
Stafford^iire wrought iron, VI, 555-5 
Stainless steel, V, 523-4 
Stairs, arrangement to prevent acddenta, 

I. xa-5 
Stake of hydrauHc riveter, V, 266-2 
Stamping, arch power press for, V, X5X-4 
Stamping or lettering diet, V, 523-4 

chipping, V, 525-4 

countering, V, 525-5 

curved surface, V, 524-2 

flat, V, 523-4 

hardening, V, 526-2 

making, V, 525-2 

marking machine, V, 524-4 

rolling, V, 524-5 

segment, V, 524-5 

steel type, V, 526-5 

steel type, embossing, V, 527-4 

steel type, engraving, V, 527-2 

steel type, routing, V, 526-4 

tempering, V, 526-2 
Stamping-t3rpe, hdght of, V, 526-4 
Stamps, steel, engraving machines for, m, 

58-4 
Standard, see also, "Standards" 
cells, I, 252-4 
engine lathe, FV, X70-2 
wire gage, I, 506-4 
wire gage, British, VI, 5x0-1 
Standardization rules, electrical, V, 
528-2 
abbreviations, V, 529-5 



StandardisatioQ rules, electrical, cables, V, 

537-2 
conductivity, copper, V, 538-2 
conductors, sizes, V, 538-j 
copper, conductivity, V, 538-2 
current, V, 528-5 
efficiency, V, 534-2 
electromotive force, V, 528-5 
instruments, V, 533-2 
machinery, classification, V, 531-2 
machinery, standards, V, 533-4 
losses, V, 534-2 
losses, classification, V, 535-/ 
losses in rotating machinery, V, 535-4 
losses in transformers, V, 536-5 
losses, main, to be considered, V, 535-J 
meters, V, 533-2 

motors, speed classification, V, 532-2 
power, V, 528-5 
regulation, V, 536-4 

rotating machines, classification, V, 531-2 
stationary induction apparatus, V, 532-4 
symbols, V, 529-5 
transformers, V, 532-4 
wires, V, 537-^ 
Standards, see also " Standards, Bureau of " 

and "Standards of length" 
American, for structural angles, I, 95-j 
American, for structural channels, n, 

8x-7 
American for Z-bars, VI, 563-2 
for I-beams, IV, 45-2 
of measurement. Bureau of Standards' 

work, V, 538-5 
Standards, Bureau of, V, 538-5 
meter kept in, V, 542-1 
methods of comparing length standards, 

V, 542-2 

scope of work, V, 539-5 

work in connection with weighing scales, 

VI, 463-1 

Standards of length, V, 539-4 

alloy for, VI, 468-2 

area-measuring instruments, V, 544-2 

classification of tests made by Bureau of 
Standards, V, 542-4 

commercial standards, V, 543-5 

contact standards, V, 544-1 

development in U. S., V, 541-2 

early history, V, 539-4 

gages, V, 544-r 

metal tapes, V, 543-4 

meter, establishment of, V, 540-2 

methods of comparison, V, 542-2 

micrometer calipers, V, 544-1 

precision screws, V, 544-J 

present legalized, V, 54i-5 

reference standards, V, 543-2 

screw-thread gages, V, 544-r 

thermal expansion of materials, V, 544-2 

working standards, V, 543-5 

yard, standard, V, 540-5 
Standing rope, VI, 521-2 
Staple bending die, 1, 348-/ 
Star-connected circuits, II, 543-' 

induction motor, IV, 464-5 
Star gage, internal, m, 276-2 
Star handles, in, 504-5 
Starters for motor-driven machines, VI, 

538-5 
Starting-boxes, n, 187-j 
Starting compensator, defects in. III, ^z 
Starting device, automatic electric, II, 190-1 
Starting pipe, pump, V, 19X-/ 
Starting rheostats, n, 187-1 
Starting sheets in copper refining. III, 35-2 
Starting steam tiui)ines, VI, 61-j 
Starting-stop for dies, VI, 83-4 
Starting switches, VI, 158-j 
Stassano furnace, in, 24X-2 
in steel foundry, VI, 68-4 
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State trade schools, VI, 304-4 

Static halanring, I, 205-2; 205-3 

Static condensation, V, 56-5 

Static electricity, II, 527-2; 535-r 

Static machines, electric, n, 527-2 

Static pressure, I, 385-2 

Static transfonner, VI, 305-j 

Stationary induction apparatus, dasaifica- 

tion, V, 532-4 
Stationary oil engines, vaporizers for, HI, 

289-1 
Station wiring, power plant, V, 141-4 
Statistics, machine shop, IV, 270-2 
Stator, motor, IV, 462-j 

winding, IV, 462-4 
Statute mile, VI, 463-4 
Stave pipes, V, 26-4 
Stave work, pattemmaking, IV, 545- j 
Staybolt, I, 441-2 

cutters, I, 450-2 

for boilers, material, 1, 432-j 

iron, VI, 555-2 

iron, spedfications, I, 437-4 

steel, specifications, I, 434-4 

strength of, V, 544-4 

taps, see "Staybolt taps" 

testing, VI, 232-j 

thread gage, VI, 257-4 

threads on, V, 544-4 

Whitworth thread for, VI, 268-5 

wrought iron, testing, VI, 557-2 
Staybolt taps, V, 544-^ 

comparison of V- and Whitworth threads, 

V, 544-4 

points in making, V, 545-2 

q)indle, dimensions, V, 545-r 

tests on staybolts, V, 544-4 
Stasred surfaces, I, 441-1 

flat, strength of, in, 155-5 

segments of boiler head, 1, 441-4 
Stays, diagonal, stresses in, 1, 442-5 

gusset, I, 442-5 
Stay-tubes, boiler, I, 443-4 
Steady load, VI, 96-1 

factor of safety, VI, 97-4 
Steadyrest for giinding, V, 545-5 

classification, V, 545-5 

combination plain and rigid, V, 548-4 

follow type, V, 550-2 

for light grinding, V, 550-1 

rigid or solid type, V, 547-2 

spotting for, V, sS^-4 

spring type, V, 546-2 

universal, V, 546-2 

use and location, V, 550-2 

with automatic adjustment, V, 549-r 

with automatic feed, V, 549-2 

with ball feed, V, 549-4 

work-shoes, V, 550-4 
Stead3rrest for turning, V, 552-r 

avoiding chatter by use of, II, 91^9 
Steam, I, 419-4 

absolute pressure of, I, 420-4 

action in steam engine, VI, 1-4 

arm, Nasmyth's, IV, 280-4 

atomizer, fuel oil, V, 133-2 

belting proof against, I, 320-r 

boilers, see "Steam boilers" 

calorimeters, I, 529-4 

condensation, superheat to prevent, VI, 

X23-5 

condensers, n, 175-2 

connections, boilers and main header, V, 
63-2 

consumption, see ^' Steam consumption" 

cranes, history, n, 255-2 

domes, I, 440-2 

drive for air compressors, I, 36-j 

drive for exciters, V, 141-2 

drop-hanuners, see "Steam drop-ham- 
mers" 



Steam, dry, I, 420-z 

dryness of, VI, 122-5 

effect of, in gas produoer, m, 315-2 

ejectors, priming with, V, 208-x 

electric power plants* see "Steam power 
plants" 

engines, see "Steam engines" 

entropy of, HI, 63-5 

factors of evaporation, I, 421-1; 422-2 

flow meters, V, 135-r 

flow of, in pipes, II, 303-4; V, 57-r 

for atomizing oil fuel. III, 231-5 

gage, I, 447-r 

gage pressure of, I, 420-4 

generation in boflers, I, 419-2 

hammers, see "Steam hammers" 

header, see "Steam header" 

heat in, VI, 122-2 

heating, boiler power, I, 423-r 

heating, of drying ovens, III, 229-r 

hydraulic forging presses, in, 189-2 

hydraulic press, steam consumption. III, 
192-1 

jacketing, VI, 26-5 

joints, pitch of bolts, V, 44-4 

lap* VI, 378-4 

lap arcs, VI, 379-* 

latent heat of, VI, 122-2 

mains, see "Steam mains" 

metal, VI, 36-5 

per pound of coal, VI, 29-j 

pipes and piping, see "Steam piping" 

ports, engine, VI, 34-4 

power plants, see "Steam power plants" 

pressure of, in power plants, V, 134-5 

priming of, I, 420-2 

pumps, see "Steam pumps" 

saturated, I, 419-4 

saturated, properties of, I, 420-4 

separators, V, 71-r 

q)ace, proportion to water space, in boil- 
ers, I, 424-1 

specific heat, V, 401-2 

superheated, see "Steam, superheated" 

superheaters, see "Steam, superheaters" 

superheat of, VI, 122-5 

tables for, I, 420-5 

turbines, see "Steam turbines" 

valves, metal for, VI, 36-5 

velocity of, in exhaust pipes, V, 57-4 

velocity of, in steam pipes, V, 57-4 

wet, I, 420-r 
Steam boilerB, I, 414-1 

braces, pressed steel, I, 429-2 

bracing, I, 428-5 

brackets, I, 429-4 

capacity for different purposes, 1, 422-5 

efficiency, 1, 432-2 

equivalent evaporation of, I, 422-1 

externally fired, I, 414-r 

factors of evaporation, I, 422-2 

fire-tube, I, 414-2; 414-4 

fittings, I, 429-4 

fusible plugs for, LEI, 268^5 

grate area, I, 423-4 

hand-holes, I, 429-4 

heating surface, I, 423-2 

horizontal tubular, I, 414-4 

horsepower, I, 422-r 

injector, IV, 59-x 

inspirator, IV, 59-4 

internally fired, I, 414-X 

manholes, I, 429-4 

marine, I, 417-2 

materials, I, 425-2; 432-2 

materials, testing, I, 425-5; 433-5 

nozzles, I, 429-4 

plates, thickness of, I, 426-1 

power of, I, 422-j 

priming in, I, 420-2 

rate of combustion, 1, 423-4 



Steam boilers, rate of evaporation, I, 423-4 

rating, I, 423-5 

riveted joints, I, 427-5; V, 272-2 

settings, I, 430-x 

specifications, A. S. M. £., 1, 432-2 

steam generation in, 1, 419-2 

steam space, 1, 424-x 

superheater for, I, 418-x 

testing, I, 430-5 

tubes, I, 427-4 

tube sheets, 1, 429-x 

water space, I, 424-x 

water-tube, I, 414-2; 416-4 
Steam consomption, engines, VI, 27-5 

engines, determining, VI, $$-2 

forging presses, III, 191-5 

steam hammers, IQ, 190-4 

steam pumps, V, 197-2 

turbines, VI, 58-4 

turbines, measuring, VI, 61-4 
Stetm drop-hammers, n, 51 1-5 

compared with board drops, n, 482-x; 
512-4 

foot-treadle cxmtrol, EC, 51 1-4 

regulation of force of blow, n, 512-j 

regulation of stroke, n, 5x1-4 

valve operating mechanism, II, 51 1-5 

Zwiker throttle control, n, 5x2-5 
Steam engines, VI, i-x 

angle compound, VI, 24-5 

atmospheric, I, X50-X 

atmospheric line, VI, 4-5 

automatic stops, VI, 21-x 

bearings, allowable pressures, I, 310^ 

boiler power for, I, 422-4 

clearance, VI, 4-x; 5-4 

clearance, table, VI, 4-x 

compound, VI, 24-2; 26-4 

compression, VI, 3-4 

condenser, II, 175-2 

condenser, hxs&t loss in, VI, 29-2 

condensing, effect of, VI, 28-5 

connecting-rods, VI, 15-4 

connecting-rods, formula, VI, 35-2 

Corliss, VI, 23-2 

Corliss dashpots, VI, x8-2 

Corliss valve, VI, 11-2 

crank-arm, formula, VI, 35-5 

crankpin, formula, VI, 35-2 

cross-heads, VI, 15-5 

cross-heads, formiila, VI, 35-4 

cross-heads, laying out, IV, 190-4 

cut-off, VI, 3-5; 5-4 

cylinder, cast iron for, II, 280-5 

cylinder, formulas, VI, 34-2 

cylinder heads, formulas, VI, 34-4 

cylinder, lubrication, IV, 246-2 

cylinder lubrication, impermeator, IV, 
46-2 

cylinder oil, selecting, IV, 250-x 

cylinder wall, formulas, VI, 34-4 

dashpots, VI, 18-2 

design, formulas for, VI, 34-2 

diagram, construction, VI, 4-5 

eccentric, VI, 7-x 

economy, VI, 26-x 

efficiency, VI, 59-2 

efficiency, locomobile type, VI, 29-5 

efficiency, mechanical, VI, 28-2 

efficiency, steam power plant, VI, 29-x 

efficiency, thermal, VI, 27-5 

efficiency, uniflow, VI, 30-2 

flywheel, calculation, lU, 167-5 

flywheel, formulas, VI, 35-4 

flywheel, object of. III, 160-5 

flywheel rims, m, 168-2 

for electrical purposes, VI, 36-x 

four-valve, setting valve, VI, 414-4 

friction load, determining, VI, 32-x 

governors, VI, 18-4 

horsepower, VI, 5-x 
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Steam engines, horsepower, measuring, VI, 

indicator, VI, 30-4 

indicator cards, VI, 31-2; 392-r 

indicator, manograph, IV, 326-1 

life of, II, 305-J 

locomobile type, VI, 29-5 

locomotive connecting-rods, VI, 17-x 

losses, principal in, VI, 29-j 

mean e£Fective pressure, from indicator 

card, VI, 31-5 
method of expressing speed regulation, V, 

537-^ 
multiple-expansion, VI, 26-4 

piston, VI, 14-j 

piston allowances, V, 79-r 

piston, formulas, VI, 34-j 

piston rings, V, 79- j 

piston-rod, formida, VI, 35-r 

piston-rod, packing, VI, 2x-j 

piston speed, VI, 5-4 

piston, thickness, VI, 35-r 

piston valve, VI, lo-i 

planimeter for indicator card, VI, 33-1 

point of release, VI, 3-4 

pressure, back, VI, 4-2 

pressure, effective, VI, 4-2 

pressure, initial, VI, 4-1; 5-4 

pressure, mean effective, VI, 4-2 

pressure, terminal, VI, 4-2 

principle, VI, 1-4 

Prony brake applied to, VI, 32-2 

rating, VI, s-i 

ratio of expansion, VI, 3-j; 27-j 

rotary, VI, 24-4 

safety stops, VI, 21-r 

selection, VI, 25-2 

shaft governors, VI, 30-1 

slide valve, VI, 6-3 

speed regulation by governor, VI, 400- 1 

steam consumption, 1, 422-4; VI, 27-j 

steam consumption, determining, VI» 

33-^ 
steam jacketing, VI, 26-j 
steam ports, VI, 34-4 
stuffing-boxes, VI, 21-5 
superheated steam, VI, 26- j; 122-r 
testing, VI, 30-j 

transforming heat into work, VI, i-x 
triple-expansion, VI, 26-4 
types, VI, 22-4 
types, comparison, VI, 25-j 
uniflow, VI, 13-4; 29-4 
valve, Corliss, VI, 11-2 
valve diagram, VI, 378-2 
valve, double-ported, VI, 10-2 
valve-gear, VI, 8-2 
valve, gridiron, VI, ix-i 
valve mechanism, function of, VI, 37&-J 
valve, Meyer, VI, ii-i 
valve, piston, VI, lo-j 
valve setting, VI, 387-2 
valve, slide, VI, 6-j 
valves, special, VI, 13-J 
valve stem, formula, VI, 35-j 
valves, types, VI, 6-j 
work diagram, VI, 2-2 
work diagram, definitions, VI, Z'3 
wrist-pin, formuUi, VI, 35-4 
Steam hammers, m, 498-4; 500-4 
arrangement of, m, 181-2 
capacity, HI, 182-2; 501-j 
compared with drop-hammers, III, 183-2 
compared with forging presses. III, 19^5 
designating size, IV, 285-2 
drop-hanuners, see *' Steam drop-ham- 
mers" 
. efficiency, HI, 502-j 
foundation, m, 502-r 
history of, IV, 281-r 
in forge shops, HI, 181-4 



Steam hammers, Nasmyth's, IV, a8i-/ 

open-frame. III, 502-2 

operation and control, m, 500-4 

IHping for, m, 182-1 

piston rods» vanadium steel, VI, 418-2 

power for operating. III, 182-j 

rating, HI, 182-2; 502-1 

size of work, HI, 501-j 

steam consumption, m, 190-4 
Steam header, V, 65-1; 66-4 

duplicate-main, V, 60-1 

ring main, V, 58-4 

single-line main, V, 59-2 
Steam mains, I, 447-2 

anchoring, V, 74-j 

condensation in, V, 56-j 

estimating expansbn and contraction, 
V, 72-2 

water pockets, V, 68-4 
Steam idping, V, 56-1 

allowing for expansion and contractioQ, 

V, 74-1 

exhaust, V, 140-2 

general arrangement, V, 58-5 

header, see "Steam header" 

heat insulating, m, 542-j 

induction pipe, IV, 57-4 

laying out, V, 6i-j 

linear expansion, table, V, 73-j 

live, V, 139-4 

mains, see "Steam mahis" 

sizes, V, 57-1 
Steam power plants, V, 129-2 

accessories, V, 134-4 

auxiliaries, drive for, V, 139-1 

boiler rating, V, 134-r 

boilers, I, 414-1; V, 133-4 

boiler settings, V, 134-2 

building construction, V, 130-j 

chimneys, V, 135-4 

coal bunkers, V, 132-5 

coal-handling equipment, V, 132-5 

condensers, V, 137-4 

crane facilities, V, 131-2 

economizers, V, 135-1 

efficiency, VI, 29-1 

engines, V, 137-^; VI, i-i 

excitation, V, 141-1 

feed pumps, V, 13^5 

feed-water heaters, V, 136-j 

flues, V, 135-4 

foundations, V, 131-1 

fuel oil, V, 133-2 

general arrangement, V, 130-j 

grates, V, 135-2 

illumination, V, 132-r 

location, V, 129-5 

mechanical stokers, V, 135-2 

piping, V, 139-4 

records, V, 143-2 

roof, V, 131-4 

stacks, V, 135-4 

station wiring, V, 141-4 

steam pressures, V, 134-5 

steam superheat, V, 134-4 

switchboards, VI, 139-5 

switch gear, V, 141-5 

turbines, V, 137-'; VI, 36-4 

turbo-alternators, air supply, V, 137-5 

ventilation, V, 13 1-2 
Stetm pomps, V, 185-2 

air chamber, V, 189-4 

boiler power, 1, 422-4 

compensator, V, 189-5 

cylinder, size of, V, 194-2 

direct-acting duplex, V, 187-5 

direct-acting mtiltiple-expansion, V, 189-z 

duect-acting, single, V, 185-2 

discharge pipes, V, 194-4 

discharging capacity, V, 195-1 

displacement, V, 195-1 



Steam pumps, duty, V. 197-/ 

friction head, V. 196-/ 

mechanical efficiency, V, 197-1' 

piping, arrangement of, V, 190-5 

pistons, V, 191-2 

plungers, V, 191-5 

power required, V, 195-2 

pressure head, V, 195-4 

steam consumption, I, 423-r 

steam cylinders, relation to water cylin- 
ders, V, 194-5 

suction pipes, V, 194-4 

valve lift and area, V. 193-4 

valve motions, V, 185-4 

valves, V, 192-4 

valves, duplex pumps, V, 187-4 

valves, duplex pumps, setting, V. 188-2 

valves, q>ring pressure on, V, 194-x 
Steam, sttperhested, I, 419-4; VI, 122-j 

difficulties with, VI, 123-5 

effect on flash point of oil, IV, 249-2 

effect on lubrication, IV, 250-4 

effect on piping, V, 68-2 

expansion of steam mains, V, 73-2 

fittings for, VI, 125-j 

for heating annealing furnaces, m, 224-j 

gaskets for, VI, 125-4 

heat in steam, VI, 122-2 

in power plants, V, 134-4 

in steam engines, VI, 26-5 

in steam turbines, VI, 60-2; 123-5 

materials for control of, VI, 124-4 

metals for, VI, 125-2 

object of, VI, 122-4 

pipe for, VI, 124-4 

specific heat, VI, 122-5 

superheaters, VI, 123-4 

valves for, VI, 125-r 
Steam superheaters, VI, 123-4 

action, VI, 124-1 

heating surface, VI, 124-5 

materials for constructing, VI, 124-5 

origin, VI. 123-4 

requirements, VI, 124-2 

types, VI, 1 24-1 

types, compariscm, VI, 124-2 
Steam turbines, VI, 36-4 

Allis-Chalmers, VI, 51-4 

application, VI, 36-4 

blades, metals used for, VI, 58-2 

bleeder, VI, 57-5 

care, VI,6o^# 

classification, VI, 38-5 

compound, VI, 39-4 

compound pressure and velocity, VI, 

41-1 
condensers^ n, 175-2 
condensers, air pumps for, I, 55-4 
condensing, effect of, VI, 59-4 

cost, VI, 58-4 

Curtis, VI, 47-2 

cut-out n<»zle, VI, 49-2 

DeLaval, VI, 41-4 

DeLaval multi-stage, VI, 45-4 

difference from rotary engine, VI, 25-2 

double-flow, VI, 56-2 

efficiency, VI, 60-2 

exhaust mains, expansion, V, 78-4 

flexible coupling for, II, 230-4 

floor space, VI, 58-j 

for pumps, V, 209-5 

herringbone gears for, m, 550-5; $$2-4 

horsep o wer, VI, 59-2 

impulse, VI, 37-5; 38-5 

impulse and reaction, combined, VI, 39-2; 

56-j 
in electric power plants, V, 137-j 
Kerr, VI, 44-4 
Kf e of, n, 305-5 
LjungstrOm, VI, 57-4 
load variation, effect of, VI, 60-a 
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Steam turbinesi lubricatloD, VI, 60-3 
method of expressing speed reguktioD, V, 

537-* 

mixed-pressure; VI, 57-2 

multi-pressure, VI, 40-3 

multi-stage, VI, 40-4 

muJtt-velodty, VI, 40- j 

operation, VI, 60-4 

Parsooa^ VI, 51-1 

power measurement, VI, 61-4 

pressure measurement, VI, 6i-j 

reaction, VI, 37- j; 39-2 

reaction, types^ VI, 50-4 

Ridgeway, VI, 47-z 

special, VI, 56-4 

starting, VI, 6i-2 

steam consumption, VI, 58-^; 61-4 

Sturtevant, VI, 43-1 

superheated steam in, VI, 60-2; 133-3 

temperature measurement, VI, 6i- j 

Terry. VI, 44-2 

Teny return-flow, VI, 50-3 

testing, VI, 61-2; 62-2 

theory, VI, 37-^ 

types, VI, 41-4 

weight, VI, 58-' 

Westinghouse-Paraons, VI, 54-3 
Steatite, VI, 180-2 

Steel (see also "Steel and iron'*), IV. 78-2; 
VI, 62-3 

air-hardening, IV, 485-2 

alloy, see "Steel alloy" 

annealed, under microscope. IV, 350-3 

annealing carbon, I, 99-j 

annealing high-speed, I, loo-i 

annealing, in metal spinning, V, 460-j 

anti- fatigue, VI, 63-2 

armor-plate, I, 75*4; 126-3 

ball^ see** Steel baUs" 

barium-chloride heating baths for, I, 
245-i 

bars, passes for rolling, 1, 369-2 

bars^ specifications, 1, 434-4 

beams^ shape of, I, 271-1 

belis^ 1, 328-4 

belta^ installations of. 1, 330-3 

belts, joints in. I. 329-4 

Bessemer, IV, 82-2 

Bessemer and open-hearth, comparison of 
cost. IV, 80-3 

Bessemer, hardness, IV, 331-2 

Bessemer process, 1, 350-2 

blister, I, 382-j 

bluing, niter process, IV, 498-1 

boron in, I, 479-3 

brazing, I, 504-2 

butt welding, electric, VI, 494-1 

carbon, see "Steel, carbon" 

casehardened, photomicrographs of, II, 

7-4 
casehardening, 11, 2-2 
casehardening alloy, I, 82-4 
casehardening, for gears, III, 377-4 
cast, II, 34-4 
cast, crucible, II, 271-2 
castings, see ** Steel castings" 
cement, VI, 62-4 
chromium, see ** Steel, alloy" 
classification, VI, 62-3 
cobalt, n, 146-4 
coefficient of friction, HI, 215-3 
coefficient of heat expansion. III, 153-2 
coefficient of heat transmission. III, 542-1 
cold-rolled sheet, II, 157-r 
cold sawing, speeds and feeds, V, 443-2 
coloring, II, 160-2 
conductors, table, VI, 3x1-3 
construction for factory buildings, m, 

96-3 
converted, VI, 62-4 
converters, firebrick for. HI, 139-1 



Steel, copper-clad, II, 2x4-2 
corrosion, II, 3x3-3 
corrosion due to electrolysis, III, 38-3 
critical points, U, 268-3 
crucible (see also "Steel, crudble"), II, 

371-2 
cutting, pressure on tool for, IV, 376-4 
cutting speeds for, IV, 493-3 
cutting with friction disks. III, 3x6-2 
cutting with gas flame, VI, 48X-2 
Damascus, II, 303-3 
dies, for drop forging, II, 479-2 
different kinds, VI, 63-3 
double-shear, VI, 63-2 
drilling, speed for, table, V, 440-1 
effect of annealing on. III, 534-3 
effect of carbon content on tensile 

strength, in, 520-3 
effect of several coats of paint on, n, 

218-3 
electric, VT, 62-4 
electric soldering of, V, 395-2 
electric welding of, VI, 490-3 
etching fluids for. III, 70-4 
etching reagents, IV, 355-2 
eutectoid, II, 7-2 
factor of safety, VI, 97-4; 98-2 
feed for drilling, V, 440-3 
feed for turning, table, V, 433-3 
flange, VI, 63-1 
fluid compressed, VI, 63-j 
flux for soldering, V, 387-4 
flux for welding, oxy-acetylene, VI, 477-J 
for bevel gears, 1, 360-2 
for blacksmiths* tools, 1, 374-3 
for broaches, I, 509-3 
for casehardening, n, 3-2 
forces for embossing dies, m, 175-1; 

175-3 
for chisels, II, 107-2 
for circular metal saws, V, 3x2-2 
for cold-roUing rolls, V, 380-4 
for cutting chilled rolls, IV, 7-3 
for drop forging, II, 476-2; 478-1; 478-3 
for drop-forging dies, II, 479-4; 485-2 
for files. III, X27-3 
for forging machine dies. I, 82-4 
for gas casehardening. II. 20-2 
for hacksaw blades. III, 491-r 
for machine tool gears. III, 377-2; V, 

5X5-J 
for metal spinning, V, 460-3 
for milling cutters, IV, 386-j 
for nut forging dies, IV, 500-2 
for nuts, IV, 501-2 
for permanent magnets, IV, 303-4 
for reamers, V, 246-3 
for steam turbine blades, VI, 58-2 
for taps, VI, 214-4 
for toob for roll turning, V, 288-2 
for twist drills, II, 470-3 
for woodworking, high-speed, IV. 7-2 
foundry,^ see "Steel foundry practice" 
galvanized, flux for soldering, V, 387-4 
galvanized, solder for, V, 387-4 
gears, see "Steel gears" 
grinding wheels for. III, 469-2; 470-2 
grinding, work speed for. III, 469-2; 

470-2 
grit for sand-blast, V, 309-2 
Hadfield's, III, 496-1; IV, 320-3 
hardened, factor of safety, VI, 98-2 
hardened, preparing for microflcopic 

study, IV, 352-4 
hardness, m, 528-2; 538-2 
hardness and wear, in, 530-2 
heat expansion, in, 54X-3 
heating bath for, in, 350-2 
heat-treated, microscopic study, IV, 35X-4 
heat-treatment, Bray^w's experiments, 

in, 533-2 



Steel, heat-treatment, effect of, IV, 35X-4 
heat-treatment, melting points of salts 

used for, m, 35X-3 
heat-treatment of carbon, I, 76-4 
heat-treatment of marhine tool gears, V, 

515-' 

high-caibon (crucible), H, 371-2 

high-q)eed, see "Steel, high-speed" 

hyper-eutectoid, n, 7-3 

hyix>-eutectoid, H, 7-2 

indicating on drawings, n, 437-4 

influence of various metals on oorrodi* 
bility, n, 3x8-4 

in macUne construction, VI, loo-i 

laps, IV, X58-3; 167-3 

local hardening of, enamelite for, m, 57-1 

loman, IV, 330-4 

loss of hardness, when tempered, m, 
529-1 

lubricants for drilling, IV, 254-/ 

lubricants for machining, IV, 253-2 

lubricants for tapping, VI, 202-3 

machine, I, 77- j; VI, 63-1 

machine, brazing stellite to, VI, 74-2 , 

machine, feed for turning, V, 434-1 

magnet, VI, 63-r 

manganese, see "Steel, aUoy" 

Martin-Siemens, VI, 63-r 

melting, crucibles, II, 271-4 

melting furnaces, electric, ni, 348-r 

melting point, IV, 335-3 

metallography of, principles, II, 7-1 

microphotographs, IV, 35X-J 

microscopic study, IV, 350-2 

mild, IV, 370-4 

milling speed, V, 438-r 

mill, motor drive, V, 387-2 

modulus of elasticity, V, 493-3 

molybdenum, IV, 439-2 

Mushet, IV, 2-j; 485-2 

natural alloy, IV, 493-2 

nickel, see "Steel, alloy" 

nitrogen in, VI, 291-1; 391-3 

normalized state of, H, 7-r 

open-hearth, IV, 508-3 

open-hearth process, IV, 506-2 

open-hearth, soft basic, I, 76-4 

overheated. III, 519-2 

oxy-acetylene welding, VI, 476-4 

oxygen in, VI, 291-j 

"patent," VI, 63-J 

pearlite, V, x-i 

pipe, see "Steel pipe" 

piston rings, V, 81-1 

planing, feed for, V, 437-4 

planing, speed for, V, 99-/; 437-^ 

planing, tools for, V, 1x3-3; 115-1 

plate for boilers, material, I, 433-4 

plates, tiiming, VI, 389-j 

plates, weight of, VI, 73-2 

plating, m, 45-j 

poles, VI, 330-1 

polishing, V, 136-2 

prevention of rust, see "Steel, protective 
coatings" 

protective coatings, see "Steel, protec- 
tive coatings" 

puddled, VI, 63-r 

puUesrs, V, X80-3 

rivet, V, 369-2 

rod (driU), n, 465-2 

rolls, V, 289-2 

rules, designating size, IV, 287-/ 

rust-proofing (coslettizing), II, 2x9-4 

Saniter, VI, 63-2 

saturated, m, 520-3 

scale on hardened, in, 5x9-4 

scales, etching add for graduating, m, 
423-2 

screw stock, V, 329-z 

seasoning, V, 330-j • 
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Sted, aelf-hardening, IV» 2-1; 485-2 
self-hardening manganeae, IV, 320-4 
scad-, W, 331-2 
shear, VI, 63-a 

shearing resistance of hot, VI, 102-2 
sheet, V, 361-2 

sheet, ozy-acetylene welding, VI, 477*^ 
sheet, temeplate, VI, 223-4 
sheet, testing, V, 361-j 
shells, annfaiKng, n, 411-a 
shortening or lengthening in hardening, 

ni, S23-J; 534-4 

shot used for cleaning castings* HI, 213-4 

silico-, see ''Steel, alloy" 

solder for, V, 386-4; 387-4 

solid solution n, 7-3 

sorbitic, VI, 63-1 

spark pictures of, IV, 82-4 

special, definition, VI, 63-a 

specific gravity, V, 398-J 

specific heat, V, 40X-4 

spinning, speed for, V, 454-r 

spring, I, 77-2; V, 499-4; 500-5; soi-r 

spring, heat-treatment, V, 500-2 

spring, Navy specifications, V, 501-1 

spring, ozy-acetylene welding, VI, 477-2 

squares, designating size, IV, 2S9-1 

stack, guyed, V, 136-1 

stack, self-supporting, V, 136-r 

stainless, V, 523-4 

stamping type, height of, V, 526-4 

stamps, engraving machines for, m, 

S8-4 
strength, at low temperatures, VI, 98-4 

strength of, as afiFected by heat-treat- 
ment, III, 525-2 

strength of different kinds, VI, 9^3 

structural, VI, zii-i 

structural, strength, VI, 97-x 

structural, strength at different tempera- 
tures, VI, 98-4 

structural, surface-hardening of, II, 20-4 

tape, surveyors', VI, 133-^ 

tape, tested by Bureau of Standards, V, 

542-4 
tape, use of, in surveying, VI, 129-4 
tapping, steel for taps, VI, 214-4 
tapping, torque required, VI, 202-1 
tempering, heating bath for, m, 250-2 
. thermit, composition, VI, 503-J 
tinned, flux for soldering, V, 387-4 
tinned, solder for, V, 387-4 
titanium, I, 75-4; VI, 290-4 
tool, see "Steel, tool" 
tools for spinning, V, 457-4 
tools for turning, VI, 295-2 
tools, percentage of carbon in, I, 557-j 
tools, tempering temperature. III, 519-j 
trade names, American, VI, 63-j 
trade names, British, VI, 65-1 
troosto-martensitic, IV, 352-2 
troosto-sorbitic, IV, 352-J 
tubes, see "Steel pipe" 
tungsten, I, 75-2; IV, i-i 
turning, speed for, V, 433-^; 433-J 
tsrpe, making, V, 526-3 
vanadium, see "Steel, aUoy" 
washers, VI, 443-1 
weight per cubic inch, V, 398-5 
weW, VI, 63-5 
welding, VI, 471-2 
welding, flux for, in, 188-1 
welding high-q)eed to machine, VI, 

477-4 
welding to cast iron, VI, 478-r 

welding to copper, VI, 479-r 

wire, see "Steel wire" 

wrought, VI, 63-5 

wrought iron, difference between steel 

and, IV, 80-2 
wroufl^t iron substitute, VI, 558-2 



Sted, alloy, I, 75-1; IV, 8i-j 
casehardening, II, 12-5 
chrome (or chromium), I, 75-2 
chrome-nickel, IV, 490-4 
chrome-tungsten, I, 76-j 
chrome-vanadium, I, 76-1; 82-2 
chrome-vanadium, composition, I, 80-4; 

VI, 99-2 

chrome-vanadium, heat-treatment, I, 
80-5 

chrome-vanadium, strength and proper- 
ties, 1, 80-5 

cobalt, II, 146-4 

composition and strength, I, 78-r 

copper alloy, I, 76-2 

heat-treatment, I, 76-5; 8x-r 

manganese, I, 75-5; IV, 320-j 

manganese, cutting threads in, m, 216-4 

manganese, hardness, IV, 321-2 

natural alloy, I, 76-1; IV, 493-2 

nickel, I, 75-2; 77-5; IV, 495-5 

nickel, composition, I, 78-4 

nickel, factor of safety, V, 98-2 

nickel, heat-treatment, 1, 78-5 

nickel, strength and properties, I, 78-5; 

VI, 99-1 

nickel-chromium, I, 75-4; 77-4; IV, 490-4 

nickel-chromium, composition, I, 79-2; 
80-2 

nickel-chromium, heat-treatment, I, 79-x; 
80-/ 

nickel-chromium, strength and proper- 
ties, I, 79-1; 80- J 

sflico-cfaromium, I, 82-r 

siUco-manganese, I, 82-j 

strength of, VI, 99-r 

titanium, I, 75-4; VI, 290-4 

vanadium, I, 75-5; 82-4; VI, 4x6-4 

vanadium, elastic limit, V, 494-r 

vanadium, for twist drills, II, 470-4 

wear of, I, 76-2 

welding. III, x88-2 
Steel and iron (see also "Steel"), IV, 78-2 

alloy steels, I, 75-j; IV, 81-5 

Bessemer, I, 350-2; IV, 80-5 

cast iron, 11, 32-5; IV, 8X-5 

classification, IV, 79-2 

critical points, IV, 78-4 

crudble, 11, 271-2; IV, 81-2 

definitions, IV, 82-j 

general properties, IV, 78-2 

industries, statbtics, IV, 84-1 

malleable castings, IV, 8X-4; 306-r 

metallurgy, graphical illustration, IV, 
8x-4 

open-hearth, IV, 80-4; 506-2 

pig iron, IV, 79-5; V, 21-5 

spark pictures, IV, 82-4 

steel, IV, 80-1; VI, 62-5 

steel castings, n, 30-5; IV, 81-2 

world's production, IV, 84-2 

wrought iron, IV, 79-4; VI, 555-2 
Steel balls, I, 225-5 

annealing, I, 235-1 

blanks, see "Steel balls, bUmks" 

burnishing, I, 237-2 

counting, I, 240-4 

drawing temper, I, 235-4 

finish grindizig, I, 235-4 

flashing process, I, 231-4 

for bearings, I, 210-5; 222-r 

forging blaiiks, I, 230-1* 

gaging, I, 238-4 

grades of, I, 238-5 

gradfaig, I, 238-5 

grinding, I, 232-2 

grinding machines for, I, 232-4; 233-2; 

234-5; 236-4 
hardening, I, 235-j 
heat-treatment, I, 235-j 
inspecting, I, 238-1; 240-r 



Steel balls, manufacture, history of, I, 225-5 

oil for hardening, I, 235-2 

packing, I, 240-4 

pressing blanks, I, 228-4 

pressing machine, Manville, I, 229-2 

processes used in making, I, 226-z 

rolling blanks, I, 226-4 

rough grinding, I, 232-2 

testing heat-treatment of, I, 222-5 

testing strength of, I, 222-2 

tumbling, I, 237-2 

turning blanks, I, 228-j 

turning machine. Grant, I, 228-r 

turning machine, Hoffmann, I, 228-2 

uses for, I, 225-4 
Steel balls, blanka, I, 227-5 

die for rolling, I, 227-1 

flashing, I, 23 x -4 

forging large, I, 23X-5 

made by pressing, I, 228^ 

making, I, 226-1 

rolling, I, 227-j 

rough-grinding, I, 232-2 

tiinuning forged, I, 230-4 

turning, I, 228-j 
Steel, carbon, I, 557-5 

composition, I, 78-2 

for twist drills, II, 471-J 

heat-treatment, I, 78-x 

strength and properties, I, 78-r 
Steel castings, n, 30-5 

allowable stresses in cylinders, II, 302-2 

American Sodety for Testing Materiab 
specifications, n, 31-2 

aimealing, VI, 70-4 

Automobile Engineers' specifications, II, 

31-r 
blow-holes, VI, 72-4 
brief review, IV, 81-2 
cavities, VI, 72-4 
compared with cast iron for^ gears, V, 

5XX-4 
compared with malleable iron, IV, 3x0-1 
defects in, VI, 72-2 
drilling, speed for, V, 440-5 
effect of superheated steam, VI, X25-2 
flywheels, speed of, III, 164-1 
for gears, V, 51X-4 

for herringbone gears, m, 54975; 552-r 
for machine construction, VI, 100-2 
for metal spinning chucks, V, 456-4 
heat-treatment, VI, 70-4 
metallurgy, 11, 3X-2 
molds, VI, 69-5 
Navy specifications, II, 30-4 
oxy-acetylene welding, VI, 477-2 
patterns, VI, 69-2 
pipes, VI, 72-4 
planing speed, V, 437-^ 
reliability of, n, 32-2 
results of tests, II, 30-4 
shrinkage allowance, IV, 540-1 
shrinkage cracks, VI, 72-5 
sink heads, VI, 69-4 
specifications, I, 434-4 
straightening, VI, 71-4 
strength, VI, 97-r 
strength at different temperatures, VI, 

98-4 

tests, II, 31-4 

titanium in, VI, 292-5 

uses of, II, 3 2- J 

welding defective, VI, 72-j 

wheeb for snagging, V, 386-/ 
Steel-clad hoisting rope, VI, 522-4 
Steel-clad valve, pump, V, 193-r 
Steel-core aluminum conductors, table, VI, 

311-5 
Steel, crucible, n, 27 x -2 
carbon-temper, II, 274-r 
defects, II, 273-4 
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Sted, crudble, hammering, n, 373-^ 

ingot molds, II, 372-4 

laps in, n, 374-1 

melting, II, 373-2 

pipes in, II, 374-/ 

pouring, II, 272-4 

raw materials, II, 273-2 

loUing, n, 373-j 

seams in, 11, 373-4 

temper of, II, 274-j 

welding process, II, 273-2 
Steel foundry practice, VI, 66-/ 

American Society for Testing Materials 
heat-treatment practice, VI, 71-j 

annealing castings, VI, 70-j 

Bessemer process, I, 35 2-1; VI, 67-2 

chills, VI, 70-j 

coal furnace, VI, 66-2 

coal hole, VI, 66-2 

crucible process, VI, 66-r 

defects in castings, VI, 72-2 

electric steel, VI, 6^3 

firebrick for, m, 139-j 

gas furnace, VI, 66-4 

gates, VI, 70-J 

heat-treatment of castings, VI, 70-j 

H^roult furnace, VI, 6^-4 

Kjellin furnace, VI, 68-4 

Krupp furnace, VI, 67-j 

ladles, VI, 69-r 

molds, VI, 69-i 

oil furnace, VI, 66-4 

open-hearth process, VI, 68-j 

patterns, VI, 69-2 

Penn^lvania R. R. heat-treatment prac- 
tice, VI, 7i-r 

pouring the molds, VI, 70-2 

reverberatory furnace, II, 31-4 

runners, VI, 70-7 

sink heads, VI, 69-4 

Stassano furnace, VI, 68-4 

Stock converter, VI, 67-4 

straightening castings, VI, 71-4 

welding defective castings, VI, 72-1 
Steel gears, V, 513-2 

for machine tools, m, 376-4; V, 

S14-3 

herringbone gears, m, 549-j; sso-2 

herringboDe gears, horsepower trans- 
mitted, m, 5S2-7 

speeds for cutting, V, 441-2 

speeds for bobbing, V, 441-4 

working stress in, V, 50&-1 
Steel, high-speed, IV, i-r 

cobalt, n, 146-4 

compared with carbon steel, V, 436-4 

for drills, n, 470-5 

for drills, Navy specifications, II, 472-4 

semi-high-speed, IV, 7-r 

Taylor-White process, VI, 222-2 

uranium, VI, 378-1 
Steel pipe, V, 22-3; 24-2 

compared with wrought-iron, VI, 33^-4 

dies for threading, II, 381-/ 

expansion, V, 71-4 

materials for, VI, 337-j 

physical properties, VI, 338-r 

radii of bends, V, 38-5 

seamless, VI, 333-1 

seamless, strength, 11, 301-r 

Shelby seamless, VI, 336-2 

strength, V, 33-4 

table, V, 3S-I 

welded, strength, 11, 301-1 
Steel, protective coatings, n, 313-4 

asphaltimi, I, 128-j 

bitunuistic enamel, I, 373-5 

Bower-Barff process, I, 344-2 

epicassit. III, 63-j 

Lohmamuzing, IV, 343-5 

paint, n, 214-2; 317-2 



Steel, tool, VI, 301 -i 

crudble, II, 371-2 

hardness test, m, 138-5 

making by cementation process, II, 36-5 

Navy specifications, VI, 301-1 

ozy-acetylene welding, VI, 477-4 

testing, m, 1 38- J 

testing machine, m, 136-4 

titanium in, VI, 393-5 
Steel wire, VI, 508-j; 508-2 

conductivity, VI, 510-5 

conductors, VI, 313-r 

copper-dad, VI, 510-5 

drawing, VI, 5x2-1 

for wire forming, VI, 517-5 

gage, VI, 507-5 

gage compared with twist drill gage, 11, 
440-4 

gage, Stubs, VI, 508-1; 510-r 

gage. Stubs, table, VI, 508-2 

music, IV, 485-5 

plow-sted, V, Z20-2 

rope, VI, 520-5 

rope and leather bdts, comparison of, I, 

329-^ 

strength, VI, 97-j 
Steely iron, IV, 309-2 
Stedy malleable iron, IV, 309-2 
Steeple blowing engines, I, 390-4 
SteOite, VI, 73-2 

brazing to machine steel, VI, 74-2 

cutters, tool-holder for, VI, 74-1 

tools, VI, 73-3 
Step bearings, I, 305-4; 3"-4 
Step chuck for bench lathe, 1, 343-J 
Stephenson link-motion, VI, 9-x 

description, VI, 403-5 

setting valves, VI, 403-2 
Step-in method of grinding, m, 447-1 
Stepped gear-cutter, III, 322-7 
Stepped work, pattemmaking, IV, 544-2 
Step reamers, V, 246-2 
Steps on cone-pulley, for machine tools, IV, 

371-5 
Step taper reamers, V, 346-2 
Stereotype metal, IV, 21 1-2 

Mackenzie, IV, 287-7 
Sterro metal, VI, 74-5 
Stibnite, I, 102-4 

Stickers, dectric insulating, IV, 67-4 
Stidd process, VI, 334-4 
Stiles & Fladd dutch, II, 138-7 
Stiles & Parker dutch, II, 137-5 
Stillson pipe wrench, VI, 554-2 
Stl. W. G. (wire gage), VI, 507-4 
Stock converter, VI, 67-4 
Stock-feeding mechanism, for automatic 
machines, I, 191-7 

for single-spindle machine, I, 180-4 
Stock-feeding mechanisms, turret lathe, VI, 

3S6-5 
Stock, handling and piling, VI, 75-4 
Stocking cutters, m, 321-4 
in automatic gear-cutting machine, in, 

338-4 
Stock-keeper, qualifications of, VI, 76-4 

Stock-keeping, VI, 74-5 
assembled details, VI, 75-5 
bdt convQTors, VI, 76-2 
central storehouse, VI, 74-4 
cost of, VI, 76-4 
counting material, VI, 75-4 
department stock-rooms, VI, 75-2 
handling stock, VI, 75-4 
metal boxes for small parts, VI, 76-2 
obsolete stock, VI, 75-5 
ordering material, VI, 75-5 
piling stock, VI, 75-4 
slow-moving stock, VI, 75-5 
stock-keeper, VI, 76-4 
stock-taking, VI; 76-5 



Stock-keeping, weighing material, VI, 75-4 
Stock-racks for forge shops. III, 185-2 
Stock-room racks for bars, V, 229-4 
Stock-rooms, departmental, VI, 75-2 
Stock-taking, VI, 76-5 
Stokers, mechanical, VI, 77-2 

capadty, V, 135-2 

chain-grate, VI, 78-4; 79-j 

in power plants, V, 135-2 

over-feed, VI, 77-5 

types, VI, 77-^ 

under-feed, VI, 77-4; 78-5 
Stone, factor of safety, VI, 97-4 

cements for, II, 38-7 

for concrete, II, 172-5; m, 305-2 

ground, for lapping, IV, 168-4 t 

heat insulating value. III, 543-4 

spedfic gravity, V, 400-7 

spedfic heat, V, 401-4 

testing strength of, VI, 338-4 

weight unit, VI, 464-5 
Stone-sawing strand, VL 79-2 
Stone's gear-bronze, I, 70-4 
Stoning blanking dies, II, 348-5 
Stool plate molding machine, IV, 435-5 
Stop and check-valves, automatic, V, 63-1 
Stop gages, turret lathe, VI, 367-2 
Stop, Geneva, III, 406-2 
Stop mechanisms, turret, VI, 358-2 

Acme turret lathe, VI, 363-2 

Hartness turret lathe, VI, 361-2 
Stoi^nng off in molding, IV, 548-5 
Stop-pins for dies, VI, 79-5 

bridge type, VI, 80-4 

fixed plain, VI, 80-2 

heel-and-toe latch, VI, 83-4 

hitch type, VI, 81-7 

position, VI, 84-7 

side-swinging latch, VI, 83-2 

spring toe latch, VI, 82-2 

starting stop, VI, 83-4 
Stop-pins for planer, V, 116-7 
Stop-plates, IV, 223-4 
Stops, automatic, steam en^ne, VI, 21-7 

cross-feed, for engine lathes, IV, 176-2 

multiple, for engine lathe, IV, 175-4 

safety, steam engine, VI, 21-7 

thread tools, VI, 237-5 
Stops, trips, and reversing mechnnisms, 

VI, 84-4 
boring mill, VI, 91-5 
combined stops and trips, VI, 88-5 
dead stops, VI, 84-4 
dead stops, grinding machine, VI, 86-7 
dead stops, turret lathe, VT, 86-2 
gear-cutter, VI, 89-4; 92-7 
grinding machine, VI, 89-2; 92-5 
load-and-fire mechanism, VI, 89-5 
multiple stop, turret lathe, VI, 87-7 
planer, VI, 90-4 
shaper, VI, 90-5 

trip and reversing mechanisms, VI, 89-2 
trip mechanisms, VI, 89-7; 90-4 
worm trips, VI, 90-4 
Storage batteries, I, 253-4 
alkaline (see also "Storage batteries, al- 
kaline"), I, 260-7 
automatic current stop, I, 263-5 
boosters for charging, I, 262-2 
charging and discharging, I, 254-7 
charging, rectifiers for, V, 249-7 
charging sources, I, 363-7 
connections in series and in parallel, I, 

253-4 
end-cell switches, I, 363-4 
for windmill-electric plant, VI, 506-4 
grids, die-casting machine for, II, 338-5 
lead (see also "Storage batteries^ lead"), 

I, 254-^ 
life of, II, 305-5 

polarization, I, 354-2 
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Storage batteries, used with exdten^ m, 

74-^; V, 141-2 
Storage batteries, alkaUne, I, 260-i 

containerB for, I, 260-3 

discharge, I, 261-j 

Edison, I, a6o-i 

electrodes of, I, 260-1 

electrolyte for, I, 260-2 

Hubbell, I, 260-1 

initial charge, I, 260-4 

installation of, I, 260-5 

rating of, I, 260-4 

regular charge, I, 261-/ 
Storage batteries, lead, I, 254-a 

arrangement of cells for, I, 255^4 

chargmg, I, 257-4 

charging voltage, I, 258-2 

containers for, I, 255-j 

discharge, I, 258-4 

electrodes, I, 254-5 

electrolyte, I, 255-j 

floating, I, 259-1 

for vehicles, I, 256-j 

initial charge, I, 257-2 

installation, I, 255-j 

normal rating, I, 258-1 

rate of charge and discharge, I, 257-4 

readings for, I, 256-4 

troubles and their remedies, I, 259-2 
Storage bin walls, VI, 92-j 
Storage,.coal, steam plant, V, 132-4 
Storage, oil, IV, 505-4 
Storage tanks for air, I, 59-2 
Storehouse, central, for stock, VI, 74-4 
Storehouse, cost of concrete, II, 174-2 
Storing bar stock, racks for, V, 229-4 
Storing patterns, IV, 551-5 
Stove-bolt taps, VI, 93-2 
Stoves for blast heating, I, 380-4 
Straddle milling, IV, 401-1; 403-2 

cutters, IV, 367-5; 374-J 
Straightedges, VI, 94-1 

designating size, IV, 286-4 

making, VI, 94-5 
Stralghteners, wire forming, VI, 5x6-r 
Straightening, casehardened work, II, 15-/ 

circular saws, V, 313-5 

counterbores, V, 245-2 

drills, n, 470-2; V, 245-2 

presses for, IV, 35-1 

presses for, designating size, IV, 285-2 

racks, V, 230-5 

reamers, V, 245-2 

rolls for channeling, n, 79-5 

rolls, horsepower, IV, 452-4 

saw blanks, V, 312-4 

shafts, V, 339-4 

shafts, hydraulic press for, V, 341-J 

steel castings, VI, 71-4 

taps, V, 245-2; VI, 219-5 

twist drills, n, 470-2 

wrought-iron ban, VI, 562-r 
Straightening-out operation, V, 320-4 
Straight fittings, V, 37-4 
Straight-fluted drill, n, 439-2; 473-2 
Straight forming tools, m, 193-/ 

calculations, HI, 199-5 

concave, HI, 201-1 

dimensioning drawings for, m, 195-2 

gaging, m, 196-2 

grinding, m, 194-5; ^95-3 

grinding angular surfaces, m, 195-4 

grinding curved surfaces, in, 197-2 

grinding, eipense of, III, 194-4 

grinding, fixture for, m, 195-/ 

grinding vertical surfaces, m, 196-5 

grinding wheels for, m, 195-2; 198-2 

grinding wheels for, dressing. III, 198-1 

machined in shaper, lU, 194-2 

making, m, 193-4 

rough-planing, m, 195-2 



Straight line, IV, 336-2 

air compressors, I, 34-5 

motion, Peaucellier, V, 1-5 
Straight-peen hammer, in, 498-5 
Straight pipe taps, V, 55-j 
Straight pipe threads, VI, 272-1 
Straight-sided power presses, V, 151-1 
Straight-tooth dutch, II, 132-5 
Strainer, pump, suction pipe, V, 191-j 
Strains, contraction and expansion in piping, 

V, 71-3 
Strain theory, marimum, VI, 109-5 
Strand, n, 184-r 

concentric, II, 184-1 

electrical, V, 537-4 

messenger, IV, 248-j 

securing ends of, when splicing, V, 292-5 

stone-sawing, VI, 79-2 
Stranded conductor, II, 184-1 
Stranded wire, II, 184-1 
Strap (band) brakes, I, 481-r 

for cranes, n, 250-2 
Strapping attachment, polishing machine, 

V, 126-1 

Straps, electric wiring, table, VI, 540-1 
Straps for jigs, IV, 101-5 
Straw, as fuel. III, 219-5 

fiber disks, friction. III, 217-2 

rope, heat insulating value, in, 542-5 
Strawboard polishing wheels, V, 124-4 
Stray load losses, V, 534-4; 536-2 
Stream of water, measuring, VI, 445-2 
Street ell, V, 45-2 
Street tec, V, 45-5 

Strength of man turning crank, II, 233-2 
Strength of materials, VI, 95-j 

alloys, copper, VI, 99-r 

alloy stecJs, I, 78; 79; 80; VI, 99-r 

beams, I, 264-2 

bending and compression combined, VI, 
104-4 

bending and tension combined, VI, 104-4 

bending and torsion combined, VI, 106-2 

bending moments, VI, 104-2 

bending stresses, VI, 103-2 

brass, VI, 99-5 

bronze, VI, 99-4 

compression, VI, loi-r 

oopper-zinc-tin alloys, VI, 99-J 

cylhiders, II, 299-2 

definitions, VI, 95-4 

drilled parts, H, 446-4 

drop-forgings, n, 478-4 

elasticity, VI, 96- / 

elastic limit, VI, 96-2 

elongation, VI, 96-5 

factor of safety, m, 92-1; VI, 97-4 

fatigue stresses, m, 109-j 

flat plates, III, 154-j 

forces acting on machine memben, VI, 

9S'4 
formulas, summary, VI, 107-x 
gear teeth, V, 507-5 
Guest's formula, HI, 488-2 
herringbone gears, HI, 549-5 
influence of temperatura on strength, VI, 

98-4 
main facton in machine design, VI, 95-2 
malleable castings, IV, 308-4 
manganese steel, IV, 333-'' 
materials used for machine construction, 

VI. 99-4 

modulus of elasticity, VI, 96-2 

reaction at supports, VI, 104-1 

reduction of area, VI, 96-4 

relation to hardness, m, 531-2 

rings, stresses in, V, 265-1 

riveted jomts, V, 270-4 

shape of machfaie parts, VI, 102-5 

shear, VI, 101-4 

shfsring stresses in beams, VI, 103-4 



Strength of materials, spherical shells, V, 

444-^ 
Steel, at low temperatures, VI, 98-4 
steel, different kinds, VI, 98-5 
steel, effect of carbon on, m, 520-5 
stresses due to temperature, VI, 102-2 
stresses in beams, VI, 103-5 
stresses in castings, VI, 102-4 
stresses, theory of compound, VI, 107-5 
tensile, as affected by heat-treatment. III, 

525-2 
tensile stresses, VI, 100-5 
testing, VI, 224-1 
Tobin bronze, VI, 99-5 
torsional stresses, VI, 105-2 
ultimate, VI, 95-4; 97-/ 
ultimate, of common materials, table, VI, 

97-^ 

ultimate, of metals, table, VI, 97-/ 
Strength of taps, VI, 200-4 
Stress (see also "Stresses"), VI, 95-4 

diagrams for crane girders, II, 261-4 

intensity of, DI, 92-2 

repeated, tests, VI, 231-5 

theory, maximum, VI, iio-i 

total, m, 92-2 
Stresses (see also "Stress "). VI, 95-4 

allowable, in shafts, V, 332-2 

bending, VI, 103-2 

bending and compression combined, VI, 
IQ4-4 

bending and tension combmed, VI, 104-4 

compression, VI, loi-i 

due to temperature, VI, 102-2 

fatigue, m, 109-/ 

in beams, I, 270-2; 272 

in castings, VI, 102-4 

in flywheel rims, m, 166-4 

in mechanics. III, 92-2 

in wire rope, VI, 524-2 

produced by shocks in springs, V, 501-2 

safe working, ni, 92-2 

shearing, VI, 101-4 

tensional, VI, 100-5 

theory of compound, VI, 107-5 

torsional, VI, 105-2 

unknown, in machine construction. III, 

93-4 

variable, HI, 92-4 

working, m, 92-2 
Stretch of ropes, V, 294-4 
Stretchout, definition, V, 357-2 
Strickles, IV, 533-4 
Strikes, molding, IV, 533-4 
String drop forging, II, 480-j 
String forging of ball blanks, I, 230-2 
Stringing-up, in wire drawing, VI, 512-j 
Stripper, II, 354-4 

cam-actuated, II, 355-2 

perforating die, V, 7-5 

wire forming, VI, 516-4 
Stripping blanks m sub-press dies, VI, 1 18-5 
Stripping file blanks, III, 115-2 
Stripping plate, molding machine, IV, 425-2 
Stripping presses, IV, 35-r 
Stripping punch for extrusion of tubular 

shapes, m, 85-2 
Strips (gibs), in, 412-4 

taper, m, 416-2 
Strips, paralld, planer, V, 116-4 
Strohmenger-Slaughter welding process, VI, 

485-/ 
Stroke, pump, length of, V, 194-5 
Strontium, VI, iii-i 

fluoride, melting point, m, 251-4 

melting pomt, IV, 335-2 
Struck bu^el, VI, 464-2 
Structural iron work, reamen for, I, 505-2 
Stmctoral steel, VI, iii-i 

angles, I, 95-r 

channels, n, 81-1 
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Structural steel, construction for factory 
buildings, IQ, 96-5 
I-beams, IV, 45-2 
poles, VI, 320-2 
shapes, bending, I, 343-j 
shapes, properties of, I, 265 
strength, VI, 97-/; 9^3 
strength at d^erent temperatures, VI, 

98-^ 

surface-hardening, n, 20-4 

Z-bars, VI, 563-2 
Structures supporting substations, VI, 1x9-4 
Struts, calculation of jib crane, II, 235-4 
Struts, ciane girder, II, 264-j 
Struts or columns, II, 16S-4 
Stubs iron wire gage, VI, 509-2 

table, VI, 508-J 
Stubs steel wire gage, VI, 510-j 

toble, VI, 508-1; S08-2 
Stub-tooth gears, VI, iii-j 

compared with ordinary gears, VI, 11 2-4 

strength, VI, 113-j 
Stud-bolts, V, 325-3 
Studded chain, n, 57-2 

cable, n, 58-r 
Stud-nut, VI, 1 14-2 
Studs, V, 3 25- J 

compered with cap-screws, V, 325-4 

for circuit-breakers, 11, 118-4 

setting, VI, 114-J 
Stuffing-boxes, steam engine, VI, 21-5 
Stuigiss type-casting machine, II, 315-j 
Sturtevant steam turbine, VI, 43-1 
St. Venants formula, combined stresses* 

VI. io6-i 
Sub-bituminous coal, II, 145-2 
SubUmed blue lead, 11, 215-4 
Sublimed white lead, II, 2x6-r 
Submerged cylinder type pump, V, 192-4 
Submergence, air-lift pumping, V, 21 1-4 
Submersible electrical machine, V, 532-4 
Sub-press dies, VI, 114-3 

description, II, 369-j 

making, VI, 117-j 

separating die blank from scrap, VI, 1x9-1 

stripping blanks, VI, xx8-j 

typical construction, VI, 1x5-2 
Sobstations, electric, V, X47-4 

air circulation, V, 148-4 

arrangement, V, 147-4 

building construction, V, 148-2 

converters, V, 148-4 

industrial, VI, XX9-2 

location of, influence on electrolysis. III, 

32-J 
motor-generators, V, 148-4 

oil reservoir, V, X48-J 
outdoor, V, 149-/; VI, 1 19-2 
outdoor, switch houses, VI, X20-4 
outdoor, transformers, VI, X20-1 
outdoor, t3rpical equipment, VI, 12X-2 
portable, V, 149-2 
relays, V, 257-4 
transformers, V, 148-j 
Substitution method of solving equations, 

m, 68-j 
Subtraction, in algebra, I, 62-j; 64-j 
Subtraction method of solving equations, 

m,68-4 
Soction gas producers, m, 309-^ 
action. III, 314-5 

applications in power plants, m, 317-' 
application to furnace heating. III, $17-3 
ash disposal, HE, 315-4 
chemistry, ni, 314-4 
cokiug, ni, 316-r 

combined up-and-down draft, HI, 3x1-3 
down-draft, III, 3x1-1 
down-draft, advantages, m, 3x4-1 
down-draft, operation, IH, 3X4-J 
down-draft, typical, IH, 313-4 



Suction gas producers, efficiency, m, 3x5-' 

fuels, in, 315-J 

grates, in, 3x6-2 

heat losses, m, 3x6-4 

operation costs. III, 3x7-1 

rating. III, 317-2 

supporting fud bed, in, 3x6-2 

tar disposal, IH, 3x6-3 

tar extractors, III, 3x0-3 

up-draft, m, 3x0-2 

up-draft, operation, HI, 3x3-1 

up-draft, typical. III, 3x2-4 
SucticMi in pumps, V, X84-4 
Suction pipe for grinding room exhaust 

systems, m, 76-J 
Suction pipe, piunp, V, 190-4 

size of, V, X94-4 

strainer, V, x9x-j 

test pressure, V, 19X-2 
Suction valve, pump, V, 185-2 

arrangement, V, 192-3 
Sugar pine for patterns, IV, 536-2 
"Sull," in wire drawing, VI, 5x4-2 
Solphste, barium, II, 214-4 

calcium, n, 214-4 

of copper, for laying out, IV, X90-4 

of copper, for wire drawing, VI, 5x1-2 

of copper, life of wood treated by, VI, 
318-3 

of copper, pole treatment, VI, 3x7-4 

of lead, IV, X94-1 

of lime, in boiler feed water, I, 396-4 

of lime, removing from boiler feed water, 

1,403-4 
of lime, testing boiler feed water for, I, 

400-2 
of magnesia, in boiler feed water, I, 

396-4 

removing from boiler feed water, I, 405-1 

sodium, in boiler feed water, I, 397-J 

zmc, VI, 563-4 
Sulphide, caldum, spontaneous combus- 
tion, V, 480-3 

cuprous, as an impurity in copper re- 
fining, in, 34-2 

iron, IV, 85-2 

of lead, IV, x94-r 

of mercury, n, xx5-r 

zinc, VI, 563-4 
Sulphite fiber friction wheels, m, 2x8-1 
Sulphur, VI, X2X-4 

-arsenic compound, realgar, V, 237-2 

boiling point, I, 448-4 

dioxide, latent heat, IV, X69-J 

dioxide, specific gravity, V, 399-2 

effect on cast iron, n, 32-4 

effect on gas engine fuel, II, 373-1 

effect on monel metal, IV, 430-3 

effect on steel, IV, 492-2 

for acid-proof cements, I, 23-4 

in acetylene gas, I, 23-j 

in cast iron, 1, 109-4; n, 33-3 

in fuels, II, X70-2 

in high-speed steel, IV, 4-4 

in iron ore, IV, 85-3 

in malleable castings, IV, 306-3; 309-3 

in manganese steel, IV, 320-4 

in nickel-chromium steel, IV, 492-r 

in pig iron, V, 22-2 

in pipe and tubes, table, VI, 338-3 

in rivet steel, V, 269-1 

in screw stod:, V, 329-1 

in steel for casehardening, n, 3-4 

in structural steel, VI, 111-2 

in thermit steel, VI, 503-3 

in tool steel, VI, 301-2 

in wrought iron, VI, 555-3 

latent heat, IV, X69-1 

melting point, IV, 335-^ 

removing in dectric furnace, m, 246-2 

q)ecific gravity, V, 400-2 



Sulphur, spedfic heat, V, 401-4 

weight per cubic foot, V, 400-2 
Sulphuric edd, I, 24-2 

boiling point, 1, 448-4 

effect on lead, IV, 194-r 

effect on zinc, VI, 563-3 

for deaning brass castings, V, ax-j 

for lead batteries, I, 255-r 

for polishing dip, V, 127-j 

in boiler feed water, 1, 396-4 

in lubricants, IV, 247-3 

pickling bath, V, X9-4 

pickling bath, for galvanizing, m, 281-r 

pickling bath, for wire drawing, VI, 514-2 

receptades for, V, 20-r 

q)edfic gravity, V, 398-4 

q)edfic heat, V, 40X-4 
Sulphuric ether, spedfic gravity, V, 398-4 
Sulzer multi-stage pump, V, 204-2 
Sunk key, IV, X44-4 

dimensbns, IV, X47-4 
Super files, IH, X20-4 
Superfine files, m, 120-4 
Superheated steam, I, 4x9-4; VI, 122-/ 

difficulties with, VI, X23-3 

effect on flash point of oil, IV, 249-2 

effect on lubrication, IV, 250-4 

effect on piping, V, 68-2 

ezpansioQ of steam mains, V, 73-2 

fittings for, VI, 125-/ 

for heating annealing furnaces, m, 224-j 

gaskets for, VI, X25-4 

heat in steam, VI, X22-2 

in power plants, V, 134-4 

in steam engines, VI, 26-3 

in steam turbines, VI, 60-2; 123-3 

materials for control of, VI, X24-4 

metals for, VI, X25-2 

object of, VI, X22-4 

pipe for, VI, X24-4 

spedfic heat, VI, X22-3 

superheaters (see also "Superheaters, 
steam ")i VI, X23-4 

to prevent cylinder condensation, VI, 
122-4 

valves for, VI, X25-J 
Superheaters, steam, I, 4x8-1; VI, 123-4 

action, VI, X24-1 

heating surface, VI, X24-3 

materials for constructing, I, 432-3; VI, 
124-3 

origin, VI, X23-4 

requirements, VI, X24-2 

superheating surface, VI, 123-4 

types, VI. X24-I 

types, comparison, VI, X24-2 
Superhnt of steam, VI, X22-3 
Super royal-size drawing paper, n, 421-1 
Super-smooth files, in, i2x-r 
Supports, for dectric motors, IV, 453-3 
Supports, pipe, V, 50-4 
Surds, in algebra, I, 65-j 
Surface, IV, 336-3 

combustion, VI, X26-1 

condensers, see ''Surface condensers" 

feed water heaters in power plants, V, 
136-2 

flat, lapping, IV, 161-2 

gage, see "Surface gage" 

grinding, see "Surface grinding" 

insulation of pipes, m, 30-r 

neutral, VI, 103-4 

of irregular outline, area, IV, 34X-3 

of revolution, area, m, 488-2 

plate, see "Surface plate" 
Surface condensers, n, 176-2 

double-tube, II, X76H-4 

single-tube, n, X76-4 
Surface gage, VI, 127-r 

designating size, IV, 286-4 

dectrical, VI, 127-2 
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Stulace sage, setting, IV, 191^ 
Surface grinding, m, 4^1-3 

cooling water, m, 463-2 

face grinding, in, 462-r 

lubricants, IV, 254-^ 

machines, see ''Surface grinding mA- 
chines" 

speeds, III, 470-4 

wheels for. III, 4)86-4 
Surface grinding machines, in,433-jf; 439-j 

abrasive-belt type, m, 443-1 

designating size, IV, 285-1 

disk type, m, 443-' 

hole and face, m, 443-2 

horizontal face. III, AA9-3 

osdUating, m, 440-2 

piston ring, m, 442-2 

planer type, m, 44^' 

reciprocating motion table, LEI, 439-4 

reciprocating motion wheel, m, 440^ 

rotaiy disk, m, 442-2 

angle-stroke. III, 441-' 

vertical-spmdle reciprocating, m, 441-4 

vertical-spindle rotary, m, 441-' 
Surface-hardening of structural steel, II, 

20-4 
Surface plate, VI, x2&-2 

blacksmiths', I, 375-i 

designating size, IV, 286-4 

for laying out, IV, 188-4 

in drilling department, 11, 446-r 

making by lapping, VI, 129-1 

originating, VI, 128-4 
Surfacer, wood, IV, 535-2 

motor drive, IV, 440- J 
Suiging, in spring testing, VI, 231-5 
Snnreyiiig for shop conttntction, VI, 
129-2 

chains, VI, 133-2 

level, VI, 130-5 

leveling, VI, 130-1 

leveling-rod, VI, 130-2 

measurements, VI, 129-2 

procedure of work, VI, 132-2 

steel tapes. VI, 133-2 

transit, VI, 13 1-4 
Surveyors' chain and tape, VI, 133-2 

etching acid for graduating. III, 433-J 

metric, VI, 133-2 » 

Surveyors' instruments, VI, 130- j; 131-4 

bronze for, m, 489-j 

doth finish on. III, x35-'« 

finish on, HI, 134-2 

level, VI, 130-5 

transit, VI, 13 1-4 
Surveyors' length measure, VI, 463-4 
Surveyors' square measure, VI, 464-r 

metric, VI, 465-2 
Susceptance, symbol, V, 529-5 
Susceptibility, magnetic, symbol, V, 529-5 
Suspension bridge wire, strength, VI, 97-r 
Suspension in pyrometer voltmeter, V, 221-4 
Suspension milHvoltmeter pyrometer, V, 

221-5 
Swabs, molders', IV, 412-2 
Swage bk)cks, I, 375-2 
Swages, blacksmiths', 1, 374-r 

designating size, IV, 286-4 

hardening, 1, 376-5 

steel for, 1, 374-5 
Swaging, VI, 133-J 

dies, n, 370-2 

gas engine valves, VI, 136-4 

marhin#«^ See "Swaging machines" 

operations, VI, 135-2 

pneumatic work-holder, VI, 137-1 
Swaging machines, VI, 133-4 

development, VI, 134-2 

for hot swaging, VI, 138-4 

for wire spokes. VI, 138-2 

hammering machines, m, 497-1 
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Swaging machines^ horizontal, VI, 136-5 
rotary, VI, 134-4 
rotary, prindf^ VI, 133-4 
with pneumatic work-holder, VI, 137-1 
with semi-automatic work-holder, VI, 

137-^ 
Sweating, VI, 139-5 
Sweden, iron and steel industries, IV, 84-2 

life and cost of patents, IV, 530-4 
Swedish gages (Johansson), ni, 271-4 

adhesbn of, m, 272-5 
Swedish iron, VI, 555-2 

for crucible steel, H, 272-2 

for electromagnets, IV, 291-5 

for piston rings, V, 81-5 
Swedish rolling process, pipe, VI, 336-r 
Sweep and spindle molding method, IV, 

419-^ 
Sweeps for molding, IV, 548-r 
S. W. G. (wire gage), 1, 506-4; VI, 507-4 
Swing bridges, pressure in pivot bearings, I, 

309-4 
Swing check-valve, VI, 385-1 
Swing crane, n, 233-1 
Swing-frame grinding machines, designating 

size, IV, 285-2 
Swing-frame polishing machines, designat- 
ing size, IV, 285-2 
Swinging doors, arrangement to prevent 

accidents, 1, 10-5 
Swinging-frame grinder, III, 445-1 
Swinging leaves for jigs, IV, 105-z 
Swing joints for piping, V, 76-5 
Swing of lathe, IV, 177-1 
Swing saws, motor drive, IV, 440-2 
Swing tools, for automatic screw machine 
work, I, i6x-2 

used for facing, 1, 172-2 
Swiss files, m, X14-2 

compered with American, III, 1x7-1 

number of teeth, III, x2x-2 

toolmakers'. III, 122-1 
Swiss screw thread, VI, 270-2 
Switch, VI, X55-2; x66-2 

air-break, see "Switches, air-break" 

-boards, see "Switchboards" 

controllers, II, X89-2 

disconnecting outdoor substation, VI, 

X20-5 

end-cell, of storage batteries, I, 263-4 

for motor-driven machines, VI, S37'i 

gear, location in hydraulic plant, V, X44-2 

gear, power plant, V, 141-5 

houses, outdoor substations, VI, 120-4 

lever, VI, 155-2 

magnetic, Shepardson's, II, X86-5 

on or oil-break, see "Switches, oil" 

oils, insulating value, IV, 61-4 

planer, frog-and-, V, 105-5 

. thermo-electric pyrometers, V, 222-4 

Switchboards, VI, 139-5 
arrangement of equipment on, VI, 144-4 
bus-bars, VI, X43-1 
bus-bars, spacing, table, VI, X44-4 
circuit protection, A. C, VI, 151-1 
circuit protection, D. C, VI, 150-1 
classes, VI, 139-5 
control of machines, VI, 150-5 
electrostatic grotmd detector, VI, 148-2 
equipment, i^otective, table, VI, 150-j; 

15 1- J 
equipment required, VI, X53-2 
framework, VI, 142-4 
instrument equipment, selection of, VI, 

149-5 
instruments, VI, 146-r 

instruments, A. C, table, VI, 149-J 

mstruments, D. C, table, VI, 148-5 

life of, n, 305-5 

location in power plant, V, X41-5 

marble for, VI, x42-2 



Switchboards, materials, VI, 141-2 

oil switches, VI, 167-1; 172-4 

panels, arrangement, VI, 144-4 

panels, size of, VI, 143-2 

sdectioQ of, VI, 140-5 

slate for, VI, 14X-4 

specifications, VI, 153-/ 

switching equipment, VI, 145-a 

tsrpes in general use, VI, 139-4 
Switchea, air-break, VI, X55-2 

ammeter testing, VI, 164-5 

arc plug type, VI, 163-2 

brush, VI, x6o-5 

charging plug type, VI, X65-X 

control, VI, x6x-2 

discoimecting, VI, 159-1 

fieki, VI, 157-2 

instrument reversing, VI, 165-4 

lever, care and adjustment, VI, 159-4 

lever type, VI, 155-2 

lever type, plain, VI, 155-4 

lever type, quick-break, VI, 157-x 

pivot type, VI, X56-4 

plug type, VI, 162-2 

plug type, attaching, VI, 165-2 

rheostat, VI, 165-2 

rotary, VI, X65-2 

starting, VI, X58-1 

transfer, VI, 165-4 

transfer plug type, VI, 164-5 

voltmeter, VI, X65-5 
Switches, oil, VI, x66-2 

application, VI, 168-4 

automatic, VI, X7X-5 

automatic tripping, rekys, V, 349^ 

baffles, VI, 170-4 

bus-section, VI, X77-4 

care of, VI, 178-/ 

classification, VI, X7X-5 

contacts, types of, VI, X69-4 

definition, VI, 155-2 

feeder, VI, 177-3 

generator type, VI, X77-2 

heating, VI, X70-4 

high-voltage, VI, X67-5; 168-5 

industrial, VI, X71-4 

insulation, VI, X70-2 

location in power plant, V, X4X-4 

low-voltage, VI, x66-2 

manhole, VI, X74-2 

methods of break, VI, 169-5 

mounting, VI, X73-2 

non-automatic, VI, X7X-5 

oil for, VI, 171-r 

ofl tank lifters, VI, 178-2 

operating, VI, 174-2 

outdoor substations, VI, 130-2 

poles, VI, X69-2 

pole type, VI, 174-r 

remote-control, VI, 173-4 

rupturing capacity, VI, x7x-2 

supply parts, VI, 178-2 

switchboard panel, VI, 167-j 

switchboard type, VI, 172-4 

testing trip coils, VI, 177-2 

throw, VI, X69-5 

tripping, VI, X75-J 
Switching apparatus on switchboard, VI, 

145-* 
Switzerland, life and cost of patents, IV, 

530-4 
Swivel cutter, metal spixmixig, V, 457-4 
Swiveling thread-tool holder, VI, 279-5 
Swivel, planer, V, 95-x 

scraping, V, 321-j 
Sycamore as fuel. III, 219-2 
Symbols, VI, 178-5 

dectrical, V, 529-5 

in chemistry, 11, 95-1 

of chemical elements, n, 94-r 
Symmetrical electrometer, III, 41-4 
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Synduooiflm indicator, HI, 35-j; VI, 147*4 
Syncfaronisiiig, A. C. generator, m, 394-j 
Synchronizing lamps. III, 394-3 
Synchronizing plug switch, VI, 162-2 
Synchioniang resistance, VI, 179-1 
Synchronosoope, V, 533-J 
Synchronous booster converter, n, 194-j 
Ssmchionous condenser, II, 181-J 

regulation of ezdtera, ni, 74- j 

switchboard control, VI, 151-5 
Synchronoos conTertert, n, 191 -5 

compound-wound with reactances, m, 
12-2 

efficiency, VI, 146-4 

excessive heating, ni, 11-4 

excessive starting current, m, 12-j 

hunting, m, 12-4 

incorrect ezdtation, HI, 11-4 

inverted, n, 191-j 

loMes, V, S3S'3 

operation, HI, 11-4 

overload, m, 11-4 

parallel operation. III, 12-3 

power factor, VI, 146-4 

regulation, poor, m, 12-2 

regulation, rules, V, 537-J 

short circuit in armature winding, m, 

12- J 

short circuit in field winding, HI, x2-j 
shunt-wound, with induction regulators, 

m, 12-2 
sparking, m, 12-2 
starting troubles, m, 12-5 
switchboard control, VI, 150-4; 151-J 
Synchronous generatora, HI, 388-4 
armature, HI, 391-4 
armature reactance, HI, 397-4 
armature reaction, HI, 397^3 
armature winding, HI, 392-2 
classification, V, 532-j 
crosscurrents, HI, 393-4 
definition, V, 532-j 
efficiency, HI, 396-2; VI. 59-3 
efficiency, standardization rules, V, 534-j 
excessive cross-currents, HI, 6-j 
excessive heating of armature coils, HI, 

excessive heating of armature iron, HI, 

5-1 
excessive heating of field coils, IH, 4-4 

exdtation, HI, 393-j 

exdter troubles, HI, s-3 

failure to generate, IIT, 4-3 

field windings, HI, 393-1 

frames, IH, 391-r 

frequency, HI, 395-1 

general principles, HI, 389-J 

grounding, IH, 395-1 

grounding of one phase, HI, 5-r 

instrument scale for, VI, 146-j 

losses, HI, 396-i; V, 535-2 

open-circuited armature winding, HI, 4-j 

open-circuited field winding, IH, 4-3 

open circuit in one phase, HI, 5-1 

operating in parallel, HI, 393-4 

operation, HI, 4-5; 393-J 

operation above rated voltage, HI, 4-4 

operation below normal speed, IH, 4-4 

overheating of collector rings, HI, 5-2 

overloaded generator, IH, 4-4 

parallel operation, bad, IH, 5-4 

phasing out, IH, 395-1 

poles, number of, HI, 393-2 

polyphase, HI, 390-2 

power factor, low, IH, 4-4; 5-2 

quarter-phase, HI, 390-2 

rating, HI, 395-3; V, 533-4 

regulation, IH, 396-4 

regulation, rules, V, 537-1 

relays for, V, 256-4 

resonance, IH, 5-4 



Synchronous generators, revosal of indi- 
vidual field coils, HI, 4-4 

revolving field, HI, 392-4- 

short-drcuit current, HI, 396-4 

short-circuited field coils, HI, 4-5 

short drcuxt in armature coils, IH, 5-2 

short circuit in field winding, HI, 4-4 

single-phase, HI, 390^ 

spetd, HI, 395-2 

switchboard control, VI, 15 1-2 

synchronizing, HI, 394-5 

temperature rise, HI, 395-j 

thrM-phase, HI, 390-3 

two-phase, HI, 390-2 

types, HI, 390-X 

ventilation, HI, 391-3 

voltage, HI, 395-^ 

voltage regulation, poor, HI, 5-2 
Synchronous machines, classification, V, 

531-4 

exdters for, HI, 72-2 
Synchronous motor, IV, 471-2 

condensers used as, H, 182-j 

controllers used for, H, 191-j 

definition, V, 532-j 

difficulties in starting, IH, 6- j 

effidency, VI, 146-j 

excessive heating, HI, 6-2 

failure to devdop full load torque, HI, 7-2 

fidd winding, IV, 471-2 

for air compressors, starting, IV, 434-2 

frequency low, IH, 6-3 

hunting, HI, 7-3; IV, 472-2 

incorrect connections, HI, 7-2 

in motor-generator sets, IV, 460-j 

losses, V, 535-2 

open field drcuit, HI, 6-2 

operation, HI, 6-2 

polarity, wrong, HI, 6-j 

power factor, IV, 472-5; VI, 146-j 

power factor correction, HI, 6-2 

prindple, IV, 471-j 

stops under maximum load, IH, 7-3 

switchboard control, VI, 151-3 

synchronous speed, IH, 6-4 

voltage low, HI, 6-2 
Synchronous motor-driven frequency 

changers, IV, 461-j 
Synchronous phase-advancer, definition, 

V, 531-4 

Synchronous speeds, HI, 395-2 

artificial, IV, 469-2 

induction motor, IV, 466-2 

synchronous motors, IH, 6-4 
Synchroscopes, IH, 25-j 
Synthetic chemistry, definition, H, 92-4 
Systematized management, IV, 311-3; 313-4 
System, drafting-room, H, 398-2 
Systeme Palmer, IV, 362-3 

I able knives, sted for, H, 274-j 
Tables and diagrams, compared, H, 307-4 
Tables, laying-out, designating size, IV, 

286-4 
Tables, logarithmic, use of, IV, 241-j 
Tables, planer, dbtortion, V, 109-2 

planing, V, 109-1 
Tachograph, VI, 179-2 
Tachometers, VI, 179-2 

electric, IH, 26-1; VI, 179-4 
Tachoscope, VI, 180-j 
Tackle (and block), I, 382-2 
Tacks, IV, 486- J 
Tag-hook, making in wire-forming macfaJne, 

VI, 518-4 
Tagliabue's method, setting point of oil, IV, 

249-4 
Tail print, pattern, IV, 542-2 
Tailstock center, IV, 169-2 
adjustable, VI, 217-4 



Taibtock center, metal qiinning lathe^ V, 

454-^ 
Tailstocks, aligning lathe, 1, 137-/ 
for bendi lathe, I, 340-4 
setting, for taper turning, VI, 181-4 
setting over for threading taper tape, V» 

Si-4 
Talc, VI, 180-2 

as a lubricant, IV, 351-4 

hardness, HI, 527-r 
Taloose, H, 214-4 
Tamarack for transmission line poles, VI, 

316-4 
Tamped process for grinding wheds, HI* 

472-4 
Tandem bearing metal, I, 71-3 
Tsndem compound engines, VI, 24-2 
Tandem dies, II, 364-3 

locating punches in, II, 353-J 
Tangent, VI, 325-3 

arc, 1, 124-4 

cutters, in, 193-2 

galvanometers, HE, i6-r 

method for laying out angles, I,. 94- J 
Tangential forming tools, HI, 193-2 
Tangs of twist drills, milling. H, 468-4 
Tank lifters, oQ (for switches), VI, 178-2 
Tanks, for electrolytic coippeT refining, IH^ 

35-4; 36-3 

for dectrobrtic copper refining, method of 
connecting, HI, 35-3 

for dectropUtingt HI, 42-2 

for hardming drop-forging dies, H, 491-4 

for hardening rooms, H, 482-4 

for quenching baths, IH, 515^ 

for storing air, I, 59-2 

intake, hydraulic ram, V, 2x0-3 

oxy-aoetylene welding, VI, 480-4 

settling, for boiler feed water, I, 400-3 
Tannic add, in boiler feed water, 1, 396-4 
Taiming bdt leather, I, 3x9^ 
Tantalum, VI, 180-2 

in nickel alloy, I, 23-3 

lamp, H, 545-3 

mdting point, IV, 335-' 
Tap, see "Taps" 
Tap-bolt, V, 325-' 
Tap-drill diameters, VI, 200- x 
Tape, VI, 133-3 • 

doth, VI, 133-3 

invar, IV, 77-1 

metallic, VI, 133-3 

metallic, standardization, V, 543-4 

metallic, used in gear-tooth grinding, HI, 
385-1 

metric, temperature for testing, V, 543-r 

steel, surveyors', VI, 133-2 

steel, tested by Bureau of Standards, V, 

542-4 
steel, use of, in surveying, VI, 129-4 
surveyors', etching add for graduating, 

m, 423-3 
Tspsr, I, 97-1 
arbors for chucks, designating size, IV, 

285-3 
attachment, see "Taper attachment" 
boiler taps, 1, 448-4 
boring, attachment for, VI, 187-1 
bridge reamers, I, 505-2 
die taps, H, 382-2 
files, HI, 120-4 
files, application, HI, 133-2 
files, slim, slim handsaw, and extra slim, 

in, 120-3 
gage, disk, IH, 273-2 
gage, plug and ring, HI, 270-3 
gibs, HI, 416-2 
gibs, fitting, HI, 418-z 
gibs for jigs, IV, 107-2 
grinding, HI, 451-3 
hob for cutting worm-wheels, HI, 373-r 
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Tapa, holes, broaching, I, 512-4 

holes, grinding, m, 458-a 

k^, round, IV, 145-4 

mandrftlft, bladumiths', 1, 375-j 

of pipe taps, V, 52-4 

parts, indexing, IV, $4-3 

per foot, 1, 97-j 

per foot, to find, by disk gages, m, 273-4 

pin reamers, VI, 180-5 

pin reamers, designating size, IV, 286-j 

pins, VI, 180-4 

pins, strength, VI, 181-1 

plug, making in turret hithe, VI, 370-4 

reamers, see "Taper reamers" 

riffler, round, IH, 122-j 

ring gages for slight, III, 274-r 

roller bearings, V, 275-4 

rollers in thrust bearings, V, 277-a 

shanks, see "Taper sockets" 

shells, drawing, n, 4ii-:4 

shells, perforating, V, 5-4 

sockets, see "Taper sockets" 

surfaces, turning in boring mill, I, 472-j; 
VI, 189-2 

taps, see "Taper taps" 

threads, chasers for, n, 82-4 

threads, cutting, VI, 242-2 

threads, relieving, V, 262-5 

turning, see "Taper turning" 
Taper-and-relieving lathe, IV, 180-1 
Taper tttachmant, VI, 183-j 

a^iUcation, VI, 184-2 

boring mill, VI, 191-2 

boring mill side-head, VI, 192-4 

cutting thread long in lead with, VI, 243-1 

engine lathe, VI, 183-j 

for bevel gears, VI, i88-j 

for boxing, VI, 187-j 

for tap threading, VI, 214-4 

handacrew machine, VI, 186-5 

lathe, special, VI, 185-4 

pulley crowning, VI, 192-2 

relieving by means of, V, 262-4 

turret lathe, VI, 187-4 
Taper reamers, V, 240-5; 245-2 

designating size, IV, 286-r 

gages for, m, 274-r 

holders for, V, 238-4 

locomotive, IV, 239-r 

taper-pin, VI, 180-5 
Taper-rdieved taps, VI, 206-2 
Taper sockets, I; 520-1; IV, 431-2 

Brown & Sharpe, I, 520-1 

for drills, designating size, IV, 285-5 

Jamo, IV, 96-2 

metric system, IV, 357-5 

Morse, IV, 431-2 

reamers for, V, 246-4 
Taper taps, m, 507-5; 508-1; V, 51-4 

blacksmiths', I, 372-4 

chasers for, II, 82-4 

definition, VI, 207-r 

ga^ins. V, 53-5 
relief, V, 52-5; VI, 207-1 
testing lead of, V, 53-2 
threading, V, 51-4; VI, 2x8-5 
Taper tundng, VI, 181-5 
attachment, adjustable side-head, VI, 

192-4 
attachment, bevel-gear blanks, VI, 188-5 
attachment, for small ta;pei hole, VI, 

187-X 
attachment, hand screw machine, VI, 

186-5 
attachment, pulley crowning, VI, 192-r 
attachment, turret lathe, VI, 187-4 
attachment, vertical boring mill, VI, 191-2 
device for flat turret Uthe, VI, 189-1 
height of tool, VI, 185-1 
in engine lathe, VI, 181-5 
in vertical boring mill, VI, 189-2 



Taper turning, in vertical turret lathe, VI, 

lathe, IV, i7ft-2 

reaming taper holes, VI, 186-2 

setting tailstock, VI, 181-4 

taper attachment, VI, 183-5; 185-4 

with compound rest, VI, 185-4 
Tapes, see "Tape" 
Tap-holders, 1, 173-2; VI, 368-5 

friction, VI, 195-5 

releasing, VI, 36^5 
Tapped holes, indicating on drawings, n, 

425-r 
Tappers, nut, VI, 199-1 

horsepower, IV, 453-J 
Tapper taps, VI, 193-5; 203-1 

compared with machine taps, IV, 267-r 
Tapping, VI, 194-5 

alignment of taps, VI, 195-/ 

attachments, VI, 197-r 

attachments, designating size, IV, 285-5 

automatic nut tapper, VI, 199-2 

brass pipe, taps for, III, 307-2 

chucks, VI, 196-2 

chucks, friction-redudng, VI, 196-5 

chucks, quick-change, U, 431-4 

collet, n, 432-1 

cupola furnace, 11, 278-2 

devices, application of, 11, 444-4 

endurance records of taps» VI, 215-2 
* hand, VI, 194-4 

in automatic screw machine, I, 172-4 

lubricants, IV, 254-5; VI, 202-5; 222-2 

machines, n, 461-5; VI, 197-4 

machines, designating size, IV, 285-2 

machines, taps for, IV, 267-1; VI, 193-5 

nuts on bolt cutters, I, 450-2 

nuts, speeds for, VI, 202-4 

nuts, taps for, IV, 267-1 

power required, VI, 201-4 

semi-automatic nut tapper, VI, 199-r 

speeds, VI, 202-4 

tap drill diameters, VI, 200-j 

tap-holder, friction, VI, 195-5 

tapping jig, VI, 195-2 
Tapping-and-drilling machine, II, 461-5 

driving mechanism, V, 415-x 

feed mechanism, V, 4x8-1 
Taps, VI, 203-1 

Acme thread, I, 24-5; VI, 276-4 

adjustable, VI, 219-4 

adjustable, with cast-iron body, VI, 222-r 

alignment of, when tapping, VI, 195-j 

angle diameter, VI, 249-5 

arch pipe, VI, 443-2 

back taper, VI, 206-j 

bit-brace, I, 372-2 

blacksmiths', I, 372-4 

blanks, making, VI, 215-5 

boiler, I, 448-2 

bottoming, in, 507-5 

British pipe, gage line, V, 45-4 

chamfering, VI, 2x9-2 

change-gear ratio for cutting long in lead, 
VI, 211-5 

change of pitch in hardening, VI, 21 1-2 

classification, VI, 203-j 

collapsing, Vt, 222-2 

comparators for testing lead, VI, 254-2 

cutting threads long in lead, VI, 243-1 

defects due to chamfering, VI, 213-4 ' 

designating size, IV, 286-j 

die, n, 382-2 

die, limits of oversize, IV, 25-4 

difference in lead of tap and screw, VI, 
212-7 

difficulties in cutting square threads with, 
VI, 276-r 

drills for, VI, 200-r 

effect of inaccuracies, VI, 2x2-4 

electrical transformer, VI, 307-4 



Taps, endurance records, VI, 215-j 
flutes, depth of, VI, 2x0-1 
flutes, forged VI, 2x0-4 
fluting, VI, 207-5; 219-X 
fluting cutters, VI, 208-5; 209-2 
fluting cutters, designating aze, IV, 286-1 
fluting cutters, tables, VI, 208-j; 209-5 
fluting, for brass, VI, 2x0-5 
fluting, for copper, VI, 2x0-5 
for hand tapping, VI, 194-4 
for bobbing spring screw dies, II, 377-2 
for screw machine work, 1, 172-2 
for threading wood, V, 456-5 
gas fixture, m, 307-2 
hand, m, 507-5 
hardening, VI, 2x1-1; 2x9-5 
hardening high-speed steel, IV, 3-2 
hob, IV, 25-5 

holders for, see "Tap-holders" 
increase in diameter due to hardening, VI, 

2x2- J 
inserted-blade, VI, 220-5 
machine nut, IV, 267-1 
machine screw, IV, 269-2 
machine screw, A. S. M. E., VI, 273-2 
machine screw, old standard. VI, 267-5 
made in sets, HI, 507-4 
manufacturing methods (see also "Taps, 

manufacture"), VI, 2x5-2 
marking, VI, 2x9*5 
master, for lap, IV, X65-2 
mud, VI, 443-2 
oversize allowance, VI, 2x2-5 
patch-bolt, IV, 523-r 
percentage of carbon in, I, 557-4 
pipe, V, 51-i 
pipe, chasers for, II, 82-4 
pipe, gaging, V, 53-5 
pitch diameter, VI, 249-5 
plug, m, 507-5 
polishing, VI, 219-4 
principles of making, VI, 203-4 
pulley, V, X83-2 
relief, VI, 204-5 
relief, con-eccentric, VI, 206-4 
relief, taper-threaded, VI, 207-j 
relievnig, V, 26X-4; VI, 219-2 
relieving attachments for, V, 258-4 
rolling threads in, VI, 2x8-1 
screw machine, V, 324-r 
shanks, Beaman & Smith, in, 509-2 
shanks, Graham, III, 509-2 
shanks, manufacturers' standard squares, 

in, S09-1 
speeds for, in automatic screw machines^ 

I, X73-/ 
square-threaded, V, 522-j 
square-threaded, in sets, I, 25-5 
square thread tools for, VI, 240-1 
squaring, VI, 218-4 
staybolt, V, 544-2 

steel for, n, 274-1; VI, 2x4-4; 30X-2 
stove-bolt, VI, 93-2 
straightening, V, 245-^; VI, 2x9-5 
straight pipe, V, 55-' 
strength of, VI, 200-4 
taper, HI, 507-5; So8-r; V, 5X-4 
taper, relief, V, 52-5 
taper, testing lead of, V, 53-2 
Upper, VI, 193-5 
t^)per, compared ¥rith machine taps, IV, 

267-r 
tempering, m, 519-5 
thread, Echols, IV, 267-4 
threading, VI, 2x6-2 
threading tspa, V, 51-4; VI, 218-5 
threading, with dies, VI, 2x6-4; 334-4 
wash-out, VI, 443-^ 
Whitwortb, turning, VI, 203-4 
width of land, VI, 2x0-2 
wrenches for, see "Tl^> wrenches" 
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Taps, mMaaSMCtatt, VI, 213-2 

duunfering, VI, 219-2 

flutingi VI, 219-1 

hardening, VI, 219-j 

lubricant for machining, VI, 21 5- j 

making the blanks, VI, 2x5-5 

marking, VI, 2x9-5 

polishing, VI, 2x9-5 

rdieving, VI, 219-2 

roUing threads, VI, 2xS-2 

squaring, VI, 21^4 

straightening, VI, 219-5 

threading, VI, 2x6-2 

threading in dies, VI, 2x6-.^ 

threading taper taps, VI, 2x^5 

thread milling, VI, 216-5 
Tap wrenches, VI, 555-1 

designating size, IV, 286-2 
Tmr, coal, ignition temperature, IV, 45-4 

coal, life of wood treated by, VI, siS-j 

concrete floors, III, X58-5 

di^x>sal in gas producers, m, 3x6-5 

extractors for gas producers, ni, 3x0-5 

oil, ignition temperature, IV, 45-4 

precipitation by electrolytic method, m, 

310-J 

specific gravity, V, 398-^ 

wood, how obtained, IE, S1-3 
Tare of Prony brake, II, 5x4-1 
Tarred fiber disks, friction, m, 2x7-2 
Task-work (scientific management), IV, 
312-4 

Gantt sjrstem, IV, 314-/ 

task time, I, 456-5 
"T. A." voltage regulators. III, 73-2 
Taylor belt tension scale, VI, 223-2 
Taylor differential wage system, VI, 44x-^ 
Taylor system, IV, 312-5 
Taylor-White process, IV, 3-4 
Teakwood, specific gravity and weight per 

cubic foot, V, 399-r 
Teat drill, II, 439-^ 
Technical articles, writing, I, 126-4 
Tee, pipe fitting, V, 45-3 

branch, V, 43-2 

bull-head, V, 43-2 

cross-over, V, 44-2 

double-sweep, V, 44-2 

drop* V, 44-3 

reducing, American standard, V, 3S-5; 
40-1 

service, V, 45-5 

street, V, 4S-J 

union, V, 45-4 
Teeth (see also "Tooth") 

broach, I, 508-2 

broaching rack, I, 5x5-'' 

file, m, X20-4; 125-5 

gear, bevel, I, 353-4; 360-j; 36x-r 

gear, cutters for, HI, 320-4 

gear, cycloidal, II, 295-2 

gear, elliptic. III, 52-2 

gear, grinding, m, 382-5 

gear, metric, V, 507-' 

gear, odontograph for, m, 427-2 

gear, skew bevd, V, 373-^ 

gear, spiral bevel, V, 473-4 

gear, stub and ordinary compared, VI, 
XX 2-4 

hacksaw, cutting, m, 491-5 

hacksaw, setting, m, 492-2 

milling cutter, IV, 369-1 

milling cutter, gage for testing, IV, 3SX-2 

positive clutch, II, X32-5; X32-4 

ratchet, pitch of, V, 234-1 

ratchet, shape of, V, 233-4 

saw, cutting, V, 3x3-2 

saw, forms of, V, 313-'' 

saw, sharpening, V, 313-4 

sprocket, link-bdt, 11, 76-j 

sprocket, number of, n, 64-5 



Telegraph poles, VI, 31^4 
Telegraph wire gage, VI, 509-2 
Telephone poles, VI, 316-4 
Telephone wire gage, VI, 509-2 
Telnoopic guards for slides, I, 304-2 
Telescopic piping for cutting lubricants, 

IV, 260-2 
TeUuride, cuprous, impurity in copper re- 
fining, m, 34-2 
Tellurium, VI, 222-5 

impurity in copper refining, m, 34-2 

mdtmg point, IV, 335-2 

specific gravi^, V, 398-5 

weight per cubic inch, V, 398-5 
Temperature, m, 54X-5 

absolute, I, 6-5 

calibration, thermo-couples, V, 223-2 

changes in, shown by paint, n, 526-4 

coil, VI, 222-4 

coO, lifting magnet, IV, 207-4 

colors corresponding to, II, X63-1; m, 

517-4 
cones, Seger, V, 2x&-2 
cones, Sentinel, V, 2x8-2 
control of gas furnace, m, 26X-2 
critical, n, 268-5; in, 52X-J 
detector method for generator, m, 396-x 
effect on air compression, I, $1-4; 45-2 
effect on diamond, n, 3x2-1 
effect on diuability of tools, V, 435-2 
effect on electrical insulation, IV, 6X-5 
effect on fan calculations, m, 104-4 
effect on gun-metal. III, 488-4 
effect on strength of metaJs, VI, 98-5 
effect on weight and volume of water, VI, 

444-2 
for annealing furnaces, HI, 223-2 
for hardening, m, 524-1 
for shrinkage fits, m, 153-2 
for tempering tools, III, 5x9-5 
for testing length standards, V, 543-r 
hardening, importance of, in, 525-5 
hardening, magnetic device for determin- 
ing, n, 340-5 
indicating paste, V, 2x8-4 
indicators for switchboards, VI, X48-4 
ignition, IV, 45-4 
judging by color, V, 2x9-4 
low, lubricant for, IV, 25X-J 
low, obtaining by freezing mixture, m, 

2x4-1 
bw, strength of steel at, VI, 98-4 
measurixig instruments in general use, V, 

2x9-1 
measuring, psnometers, V, 2x7-2 
measuring, steam turbine, VI, 6X-5 
melting, fusible alloys, V, 388-r 
melting, lead-tin alloys, V, 387-J 
melting, Seger cones, V, 2x8-5 
of air, relation between volume and pres- 
sure, I, 30-1 
of cylinders when grinding, 11, 298-4 
of metal in die-casting machines, II, 324-r 
of water, effect on lift in pumps, V, X84-4 
ozy-acetylene flame, IV, 509-2 
ozy-hydrogen flame, IV, 509-2 
rise, A. C. generator, m, 395-5 
rise, circuit-breakers, n, xx8-4 
rise, ofl switches, VI, 170-4 
rolling, wrought iron, VI, s^^'3. 
stresses, VI, X02-2 
symbol, V, 5*9-4 
thermometer, VI, 232-5 
Temper, drawing, of tools when grinding, 

VI, 295-2 
Tempering, m, 5x6-5; VI. 222-4 
baths, m, 250-2; 5x7-5 
baths, alloys for, HI, 5x8-J 
baths for gears, m, 379-5 
blacksmiths' tools, I, 376-5 
chain, n, S5-' 



Tempering, cokl-roUed sheet steel, n, iS9'4 
color method, m, 5x7-2 
colors and corresponding temperatures^ 

in. 517-4 
dies, n, 341-J 

drop-forgmg dies, n, 492-5; 493-J 
effect of, on hardness, m, 525-1 
effect of, on tensile strength, m, 525-2 
furnaces, m, 264-4 
gears, HI, 37S-J 
hacksaw blades, III, 493-2 
hammer dies, IV, 5x7-5 
high-speed steel, IV, 3-4; 4-2 
loss of harrtnese of steel due to, m, 529-x 
milling cutters, IV, 372-4 
molding sand, IV, 4XX-4 
xiickel-chromium steel, IV, 493-J 
oils, m, 5x8-5 
punches, n, 342-2 
reamers, V, 245-2 
rolling miU rolls, V, 28X-4 
saws, V, 313-J 
spnng steel. V, 500-5 
stamping dies, V, 526-2 
steel balls, I, 235-4 
tapper taps, VI, X94-J 
taps, VI, 2ix-r 
temperatures for different tools, HI, 

S19-J 
twist drills, n, 467-2; 470-r 

with electric welding machine, VI, 492-j 
Temper, of carbon steel, I, 557-4 

of crucible steel, n, 274-/ 
Templet planing machines, bevel-gear, m, 

3S2-J 
Templet-prindple, for cutting gear teeth, 

111,332-J 

bevel gears, m. 348-5 
Templets, for blanking dies, II, 346-2 

for forming tools, III, X98-4 

for gear teeth, odontograph for, m, 427-2 

for laying out, IV, X89-5 

for machine foundations, m, 206-5 

for machine foundations, locating. III, 
207-2 

for patterns, IV, 539-2 

for pipe fittings. V, 4X-5; 41-4 

planing, IV, X38-2 
Templet-type curve planing attachment, V. 

92-4 
Templet-type spur-gear planer, m, 339- J 
Tennesse e marble for switchboards, VI, 

X42-2 
Tenoning machines, motor drive, FV, 441-/ 
Tensfle strength, VI, 97-1 

as affected by heat-treatment, m, 525-2 

of common materials, VI, 97-2 

of metals, table, VI, 97-r 

of steel, VI, 9^5 

of steel, effect of carbon on, IH, 520-5 
Tensile stress, VI, 97-1 

in materials, VI, xoo-5 
Tensile test, VI, 225-5 

machine, see "Tensile test machines*' 

making, VI, 227-r 

principle, VI, 224-2 

specimens for making, I, X09-5; VI, 225-5 
Tensile test machines, VI, 226-1 

Emery, VI, 226-2 

hydraulic. VI, 226-x 

modem. VI, 232-r 

screw-gear, VI, 226-2; 232-r 
Tension, VI, xoo-5 

belt, measuring, VI, 223-j 

combined with bending, VI, 104-4 

initial, in springs, V, 496-4 

scales for belts, VI, 223-r 

spring, V, 480-4 

spring, tool for winding, V, 482-1 
Tensional, see "Tensile" 
Tensioning wood saws, V, 315-5 
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Terbium, VI, 333-4 

Terminal pressure, engines, VI, 4-2 

Terminals for fuses, III, 267-1 

Terminals, transformers, VI, 308-2 

Temeplate, VI, 223-4 

Teny steam turbine, VI, 44-2 

return-flow, VI, 50-4 
Test bar, malleable iron, IV, 309-4 
Test indicator, IV, ss-^ 
TMting (see also "Tests") 

accuracy of cam grinding, 1, 550-j 

air compressors, I, 47-1 

boiler feed water, I, 399-2 

boilers, I, 430-j 

cast iron, 1, 109-j 

coating of galvanised articles, m, 
281-4 

files, m, 1 23- J 

fuels for oil engines, m, 298-1 

gears, device for, III, 381-2 

hardness of metals, ni, 527-7 

hardness of rolling mill rolls, V, 281-4 

lead of taper taps, V, 53-2 

lubricating oils, IV, 246-4 

mafhinen, see "Testing machines" 

machinists* squares, V, 521-1 

materials, see "Testing materials" 

oil for transformers. III, 10-4 

planer bed, V, 108-j 

platform scales, details, VI, 462-2 

relays, V, 256-4 

rubber, V, 299-1 

sheet steel, V, 361-j 

specimens for, see "Test specimens" 

split piston rings, V, 85-1 

steam engines, VI, 30-j 

steam turbines, VI, 61-2 

switch, ammeter, VI, 164-3 

threads, VI, 249-2 

tool steel, m, 1 28-1 

valves, VI, 387-2 

water turbines, VI, 455-2 

weighing scales, VI, 461-r 

wrought iron, VI, 556-4 
TMtiiic machinet (see also " Testing ") 

cold-bending, VI, 230-5 

compression, VI, 228-4 

for sheet steel, V, 361-j 

for tool steel, HI, 126-4 

knife-edge bearings, IV, 154-4 

screw-gear, VI, 226-2 

tensile, VI, 226-1 

ten»le, modem, VI, 232-1 

torsional, VI, 229-4 

transverse, VI, 229-j 

Upton-Lewis, VI, 331-j 

White-Souther, VI, 232-1 
Teatiiig materiala, VI, 324-r 

classification of tests, VI, 224-2 

cold-bend test, VI, 230-2 

com p res si on tests, VI, 228-2 

compressometer, VI, 228-5 

deflection tests, VI, 229-j 

deflectometer, VI, 229-1 

eztensometer, VI, 227-4 

for boilers, I, 433-2 

hardness test, VI, 230-4 

p rope rti es of materials, VI, 225-2 

repeated stress test, VI, 231-j 

screw-gear testing machine, VI, 226-2 

shearing test, VI, 229-2 

tensile test machines, VI, 226-j 

tensile tests, VI, 225-5 

tensile tests, making, VI, 227-r 

testing accessories, VI, 228-2 

testing machine, modem, VI, 232-1 

test values, calculation, VI, 227-2 

thermo-electric method, VI, 232-2 

torsional test, VI, 229-2 

torsbn meter, VI, 230-j 

transverse te^ VI, 228-4 



Test plug, combination boring tool and, IV, 

218-2 
Teats (see also "Testing") 

flywheel joints, m, 165-2 

flywheels for i^aners, m, 172-4 

insulating materials, IV, 60-1 

milling machines, IV, 408-5 

steam turbine, VI, 62-r 

wrought iron, VI, 557-4 
Test specimens, cold-bending, VI, 330-5 

compression, VI, 228-5 

tensile, cast iron, I, 109-5 

tensile, steel, VI, 225-5 

torsional, VI, 229-5 

transverse, cast iron, VI, 228-4 
Test weights for weighing-scale, VI, 461-5 
Textile machinery, first built in America, 

IV, 281.5 
lubrication, IV, 246-2 

Thacher reinforced concrete system, II, 

175-' 
Thallium, VI, 232-2 

melting point, IV, 335-2 
T-head bolts, V, 327-5 
Therb, VI, 232-5 

Thermal capacity of resistor, V, 364-4 
Thermal effect, measuring current by, m, 
19-J 

measuring voltage by, HI, 20-5 
Thermal efficiency, steam engines, VI, 27-5 
Thermal expansion, tested by Bureau of 

Standards, V, 544-2 
Thermal units. III, 541-2 

British, equivalents, V, 129-2 

duty of pump based on, V, 197-5 

French, I, 529-4 ^ 

in bagasse fuel, m, 219-5 

in bark, m, 219-5 

in coal, m, 218-1 

in fuel oils. III, 219-4 

in peat, m, 2x9-5 

In petroleum. III, 219-4 

in straw fuel. III, 219-5 

in wood fuel. III, 2x9-2 
Thermit steel, composition, VI, 503-5 
Thermit welcUng, VI, 502-2 

thermit required, VI, 503-r 
Thermochemistry, defixdtion, 11, 98-2 
Thermo-couples, base-metal, V, 221-/ 

calibration temperature, V, 223-2 

care of, V, 225-2 

"coki-«nd,"V, 223-r 

oonstantan used for, II, 185-2 

correcting, V, 225-2 

Le Chatelier, V, 220-4 

Le Chatelier calibration temperature, V, 
223-2 

locating in furnace, V, 223-4 

metals for, V, 220-4 

principle, V, 220-2 

temperature coil, VI, 222-4 
Thermodynamics, entropy. III, 63-5 
Thermo-electric method of testing strength, 

VI, 232-2 
Thermo-electric pyrometers, m, 26-1; 

V, 217-5 

base-metal couples, V, 22X-/ 

calibration, V, 224-2 

calibration temperature, V, 223-2 

care of, V, 225-2 

cold-end of couple, V, 223-1 

constantan used in, V, 221-2 

correcting, V, 225-2 

general characteristics, V, 2x9-1 

high-resistance instruments, V, 222-5 

leads, V, 222-2 

Le Chatelier, calibration temperature, V, 

323-2 
Le Chatelier couple, V, 220-4 
locating in funuice, V, 223-4 
low-resistance instruments, V, 332-2 



Thermo-electric pyrometers, measuring 
Instrument, V, 221-5 

metals used in, V, 220-4 

prindplea, V, 220-5 

switching devices, V, 222-4 

vibrations, influence of, V, 224-2 
Thermo-gage, Morse, V, 218-1 
Thermo-hydxometers, IV, 44-5 
Thermometer, VI, 232-5 

Celsius, n, 35-4 

Fahrenheit, III, xoo-4 

general characteristics, V, 2x9-1 

method for determining generator tem- 
perature, m, 396-1 

Reaumur, V, 247-5 

scales, alloy for, I, 377-r 
Thermosiphon cooling system for gas and 

oil engines, III, 298-4 
Thermostat, VI, 222-4 
Thickened oils, IV, 244-2 
Thickness planer, in pattemmaklng, IV, 

53S-* 
Thin plates, holding, for planing, V, 1 1 7-2 
Third-angle projection, II, 423-5 
Thomas-Gilchrist Bessemer process, 1, 35X-5 
Thompson belt tension scale, VI, 223-2 
Thomson electric welding process, VI, 333-4; 

483-^ 
Thomson meter, I, 91-5 
Thorium, VI, 233-1 

melting point, IV, 335-2 
Thread, VI, 264-2 

Acme, VI, 376-5 

angle, testing, VI, 255-2 

A. S. M. E. maddne screw, VI, 273-x 

Automobile Engineers, VI, 270-5 

backing off tap, VI, 204-5 

brsss pipe, in, 307-2 

Briggs pipe, VI, 270-4 

British Association, VI, 270-1 

British standard, VI, 268-1 

British standard fine, VI, 269-2 

Cadillac, VI, 270-4 

carriage^bolt, II, 2-1 

chamfer of die, II, 377-4 

chasers, see "Thread chasers" 

chasing attachment, bench lather I, 342-2 

chasing attachment, Monitor lathe, VI, 

354-^ 
chasing attachment, turret lathe, VI, 

362-4 
chasing dial, VI, 233-2 
comparators for testing lead, VI, 254-2 
Cordeaux, VI, 274-5 
counting, VI, 264-4 
cutting, see "Thread cutting" 
Cyde Engineers, VI, 277-5 
difference in lead in taps and screws, VI, 

2I3-J 

drunken, V, 52-2; VI, 242-2 

drunken, error in measuring, VI, 253-j 

Echols, IV, 267-4 

Echols, for pipe taps, V, 54-7 

fractiooal, change-gears for, VI, 247-5 

French, VI, 275-5 

gages, see "Thread gages" 

gas fixture, VI, 277-5 

Harvey grip, VI, 270-2 

hose coupling, IV, 32-2 

Indicating on drawings, 11, 424-4 

indicator, thread cutting, VI, 233-2 

instrument, VI, 274-4 

Intenmtional, VI, 275-5 

]Bg screw, VI, 277-4 

lap, precision, IV, X64-4 

lead, VI, 364-2 

length of, cut on bolts, I, 453-4 

Lk>yd & Lk>yd, VI, 268-2 

Lttwenherz, VI, 274-4 

machine screw, VI, 273-r 

machine screw, oki standard, VI, 267-5 
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Thread, meuuring, see "Thread measur- 
ing and testing" 

metric, VI, 275-5 

micrometer,, see "Thread micrometer" 

microscope objective, IV, 59-4 

milling, see "Thread milling" 

milling machine, see "Thread milling 
machine" 

multiple, VI, 264-4 

multiple, designating, IV, 19S-2 

nut, depth of, VI, 200-2 

obtaining a smooth, VI, 204-a 

oil-well casing, IV, 506-2 

pipe, VI, 270-4 

pipe, Briti^, VI, 273-j 

pipe, development, VI, 272-1 

pipe, for tight joint, V, 4,6-3 

pipe, straight, VI, 272-/ 

pipe, tap drills, VI, 201-1 

pitch, VI, 264-2 

relieving tool for hobs, IV, 15-r 

requirements, VI, 266-1 

rolUng. see "Thread rolling" 

S. A. E. standard, VI, 270-j 

S. A. E., tap drills, VI, 201-r 

sharp V-, VI, 266-2 

"Society," VI, 274-4 

square, VI, 276-j 

square, table for tools, VI, 240-1 

square, taps for, V, 522-r 

staybolt, V, 544-4 

stove-bolt, VI, 93-j 

Swiss, VI, 270-2 

tap, effect of inaccuracy, VI, 212-4 

tap, relief of, VI, 204-j 

testing, see "Thread measuring and 
testing" 

tools, see "Thread tools" 

tools, holders for, see "Thread-tool 
holders" 
■ United SUtes, VI. 265-2 

U. S. and V- compared, VI, 267-r 

U. S. and Whitworth compared, VI, 26S-4 

U. S. standard, advantages, VI, 267-2 

U. S. standard, chasers for, 11, 82-j 

U. S. standard, table, VI, 265-i 

U. S. standard tap drills, VI, 200-5 

V-thread, VI, 266-2 

V-thread, chasers for, 11, 82-j 

V-thread, table, VI, 266-3 

V-thread, tap drills, VI, 200-4; 201-5 

watch screw, VI, 274-2 

Whitworth, VI, 268-1 

Whitworth, advantages, VI, 268-5 

Whitworth, table, VI, 268-5 

Whitworth, when sUndardized, IV, 281-2 

wood-screw, VI, 278-1 

worm, VI, 277-2 
Thread chasers, II, 81-5 

designating size, IV, 285-5 

for taper threads, II, 82-4 

hobs for, II, 83-4 

right- and left-hand, 11, 82-4 

tempering, III, 5 19- J 

throuling-tool t3rpe, II, 82-2 
Thread cutting (see also "Threading"), 

' VI, 234-5 
Acme thread, VI, 239-J 
British standard, VI, 240-2 
change-gears, VI, 246-2 
change-gears, fractional threads, VI, 247-5 
change-gears, metric threads, VI, 247-4; 

248-2 
compensating for shrinkage in hardening, 

VI, 242-4 
compound rest, use of, VI, 238-1 
dial for, VI, 233-2 
gage for setting tool, VI, 244-2 
in automatic screw machines, cam design 

for, I, 543-^ 
in lathe, VI, 235-4 



Thread cutting, internal, VI, 242-5 

internal, means for cutting, VI, 235-5 

in thread milling machine, VI, 216-5 

left-hand thread, VI, 240-4 

lubricant, IV, 253-5 

manganese steel. III, 216-4 

multiple threads, VI, 240-4 

multiple threads, faceplate'for, VI, 241-5 

smooth threads, VI, 243-2 

square thread, VI, 239-2 

stops for thread tool, VI, 237-5 

taper threads, VI, 242-2 

threading attachment, coarse, VI, 243-4 

threading attachment, quick-, VI, 245-/ 

threading lathe, automatic, VI, 248-4 

threading tools (see also "Thread tools"), 
VI, 237-^ 

U. S. thread, VI, 238-2 

V-thread, Vt 237-2 

Whitworth thread, VI, 240-2 

with dies, VI, 234-4 

with friction disk, m, 216-4 

without lead-screw, VI, 243-5 

worm thread, VI, 240-5 
Threaded arbors, I, 1x8-5 

vertical boring mill, 1, 120-5 
Threaded-end reamers. III, 506-j 
Threaded openings in boilers, I, 445-5 
Thread gages, VI, 256-4 

A. S. M. E., machine screw, VI, 273-4 

for staybolts, VI, 257-4 

lead, VI, 253-2 

pitch, m, 275-4 

reference, m, 272-4 

U. S. thread, first made, VI, 265-5 
Threading (see also "Thread cutting") 
VI, 234-5 

aluminum, I, 89-2 

attachment, bench lathe, I, 342-1 

attachment, coarse, VI, 243-4 

attachment, quick, VI, 245-j 

bolts in bolt cutters, I, 449-J 

brass, chasers for, II, 89-1 

cam lobe for, in screw machines, I, 545-4 

die chasers, II, 86-4 

dies, see "Threading dies" 

gear hobs, IV, 14-4 

in turret lathe, VI, 371-5 

lathes, automatic. III, 357-4; VI, 248-4 

lathes, spcdal, VI, 217-2 

lathes, without lead-screw, VI, 243-5 

lubricant for, n, 85-2; IV, 253-5 

machines, nut and bolt, designating size, 
IV, 285-2 

machines, pipe, V, 55-2 

machines, pipe, horsepower, IV, 452-r 

machine taps, IV, 267-2 

mechanism for multiple-spindle screw 
machines, 1, 184-5 

pipe, V, 47-r 

steel pipe, dies for, II, 381-r 

taper taps, V, 51-4 

tapper taps, VI, 193-4 

tapping, VI, 194-3 

taps, VI, 216-2 

taps long in lead, change-gears for, VI, 
2 1 1-5 

taps with dies, VI, 216-4; 234-4 

tools, see "Thread tools" 
Threading dies, II, 377-' 

burnished, II, 378-5 

cutting threads with, VI, 234-4 

for pipe, n, 381-r; V, 47-2 

for screw machine work, 1, 172-5 

for steel pipe, II, 381-r 

hardening, II, 37^' 

high-speed steel, hardening, IV, 3-2 

inserted chaser, II, 381-2 

percentage of carbon in, I, 557-4 

pipe, II, 380-r 

pipe, chasers, V, 55-5 



Threading dies, iMpe, lubrication, V» 47-2 

relieving, V, 262-2 

solid, II, 379-r 

split adjustable, n, 380-2 

spring screw, n, 377-1 

square, II, 379-1 

steel for, n, 274-2; VI, 301-2 

tempering. III, 519-i 
Thread meaaoring and tettinf. VI, 

249-^ 
Acme threads, VI, 259-5 

angle of thread, VI, 255-2 

angle of thread and lead, VI, 256-r 

ball-pomt micrometer, VI, 250-5 

comparison of methods, VI, 253-z 

lead comparators, VI, 254-2 

lead of screws, VI, 253-2 

lead-screws, VI, 255-1 

one-wire ^stem, VI, 252-r 

staybolt thread gage, VI, 257-4 

thread gages (see also "Thread gages"), 
VI, 256-4^ 

thread measuring tool, special, VI, 257-2 

thread micrometer, VI, 249-5 

three-wire ^stem, VI, 251-r 

worm thread. VI. 252-4 
Thread micrometer. VI, 249-5 

ball-point, VI, 250-5 

designating size, IV. 287-r 

history, IV. 365-4 
Thread milling, VI, 258-j 

cutters, VI. 258-1 

fixture for, VI, 260-5 

machines for, VI, 359-1* 

multiple cutters, VI, 258-5 

number of cuts. VI, 258-4 

square threads, VI, 261-1 
Thread milling machine, IV, 400-5; VI, 

259-/ 
cutting tap threads in, VI, 216-5 
designating size. IV. 285-1 
traverse cutter type, VI, 259-x 
traversing-work type. VI. 259-5 
used for cutting worms. III, 374-5 
with special lead-screws, VI, 260-2 
Thread rolling. VI. 261-/ 
advantages. VI, 264-r 
automatic feed for blanks, VI, 262-4 
dies, forms of, VI. 261-1 
dies, tempering. Ill, 519-5 
in automatic screw machines, I, 173-4; 

175-J 

in punch press, VI, 263-5 

preparing work for, I, 175-4 

principle of process. I, 173-5; VI, 261^ 

range of application, VI, 264-r 

speed of, VI, 264-2 

taps, VI, 218-1 

thread roll, 1, 174-4 

thread-roll holder, I. 175-4 

with flat dies, VI. 261-5 
Threads, see "Thread" 
Thread-tool holders, VI, 278-2 

Acme thread, VI, 280-r 

circular cutters, VI, 279-2 

goose-neck, VI, 279-r 

Rivett-Dock, VI. 280-2 

swiveling, VI. 279-5 
Thread tools, VI, 281-1 

Acme, gage for grinding, VI, 239-r 

Acme, gaging, VI, 285-5 

chasers. II. 81-5 

for worm-gear hobs, IV, 23-r 

gage for setting. VI, 244-2 

gages, special, VI, 284-4 

lathe, VI, 237-2 

planing clearance, VI, 285-4 

pomt of, measuring with gear-tooth cal- 
iper, VI, 284-4 

point of, measuring with micrometer, VX, 
284-2 
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Tlu-ead tools, points of, gaging, VI, 383-r 

square, table, VI, 240-j 

steel for, n, 274-/ 

stop for, VI, 237-5 

U. S., gages for, VI, 983-a 

U. S., making, VI, 281-2 

Whitworth, making, VI, 281-j 
Thzee-fluted drill, II, 439-1 
Three-high rolling mill, V, 282-j 
Three-part flasks, IV, 4x2-4 

molding in, IV, 417-5 
Three-part pattern, IV, 532-4 
Three iihaae, V, 10-5 

circuits, n, 543-1 

circuits, calcalations» II, 543-4 

generator, m, 390-5 

transformer connection, VI, 309-2; 309-5 

tranrnfiiMJon, sise of wire, VI, 313-4 

transmission, voltage, VI, $13-4 
Three-square fiJes, m, 117-4 

application, m, 133-5 
Three-wire D. C. generator, m, 404-j 
Three-wire system for measuring threads, 

VI, 2SI-I 

Three-wire qmtems to prevent electrolysis^ 

in, 32-5 
Throat of punch, V, 216-1 
Throttle control for drop-hammers, Zwiker, 

II, 512-5 
Throttle valve grinding, IV, 235-4 
Throttling governors, VI, 18-4 
Throw, eccentric, enghie, VI, 387-4 
Throw of oil switches, VI, 169-5 
Thnsst tMdl bearings, I, 2x0-4; 2x2-4 

capacity of, I, 213-1 

development of, I, 224-2 

early design of, I, 224-5 

for thrust in two directions, I, 213-5 

grooved, I, 225-/ 

radial, thrust capacity, I, 2X2-r 
Thmtt bauingi, I, 305-'; 3i^-3 

allowable bearing pressures and load, I, 

309-5; 312^ 
baU, see "Thrust baU bearings" 

collar, I, 3x2-4 

for light duty, 1, 3XX-4 

roUer, V, 276-2 

roller, combined with radial, V, 275-5 

roller, large, V, 277-2 

roUer, tapered rollers in, V, 277-2 
Thrust collar drop forging, n, 494-4 
Thrust diagrams for spiral gears, V, 468-2 
Thrust rings» composition of metal for, I, 

6S-4 
Thrusts, in bevel gearing, 1, 362-4 

in machine design, VI, 286-2 

in planer drives, VI, 287-2 

in spiral bevel gears, I, 368-5; V, 47X-2 
Thulium, VI, 287-5 
Thumb-nuts for jigs, IV, 103-5 
Thurston's experiments on friction, m, 

215-4; 216-Z 
Thuiy regulator, VI, 287-5 
Thury system, VI, 287-4 
Thwaite's cupola furnace, II, 276-5 
Tico wire rope, VI, 520-4 
Tie-bars (pillar crane), calculation, 11, 240-x 
Tie lines, relays for, V, 257-2 
Tierce, liquid measure, VI, 464-2 
Tie-rods, for hydraulic presses, IV, 43-2 

pillar crane, calculation, 11, 240-4 
Tile, specific gravity and weight per cubic 

foot, V, 400-2 
Tnier rope, VI, 522-2 
Tilted turrets, VI, 353-4 
TUting furnaces, m, 226-r 

for brass foundry, I, 492-2 
Timber-concrete foundations for drop-ham- 
mers, n, 5XX-2 
Timber construction for factory buildings, 
ni,96-5 



Timber, testing strength of, VI, 228-4 
Hme-limit relays, V, 250-2 

alternating-current, V, 253-2 

overioad, V, 254-1 

seoondaiy, V, 254-r 
Time-limit trip for drcuit-breakers, II» 

xx6-4 
Time study, VI, 287-4 
Time, symbol, V, 529-4 
Timkin roller bearing, V, 276-x 
Tin, VI, 288-4 

alloys, see "Tin alloys" 

boiling point, I, 449-/ 

buckets, curling dies for, n, 282-4 

coating lead sheets with, I, 60-2; VI, 
289-r 

coefficient of heat radiation, m, 542-2 

coefficient of heat transmission, m, 542-r 

cost of spraying, Schoop process, V, 3x8-4 

effect on phosphor-bronze, V, 500-2 

electrically-welded, VI, 490-4 

foil, VI, 289-1 

forces for embosang dies, m, X74-2 

for temeplate, VI, 223-4 

hardness, m, 528-7; 538-1 

heat expansion, m, 54X-5 

impurity in copper refining, m, 34-2 

in German silver, m, 4x2-5 

in manganese-bronze, IV, 3x9-1; 320-r 

latent heat, IV, X69-1 

letters for patterns, IV, 539-1 

lined lead pipe made by extrusion, in, 

79-/ 
melting furnace for, m, 224-5 

melting point, IV, 335-2 

pails, fastening ears in, V, X54-/ 

phite, see "Tin plate" 

plating, m, 45-2 

recovering from scrap, n, 305-4 

shrinkage allowance, IV, 540-r 

solder for, V, 387-4 

soldering flux for, V, 387-4; 391-4 

q>ecific gravity, V, 398-5 

spcd&c heat, V, 40X-4 

strength, VI, 97-z 

tinning (see also "Tlnnhig"), VI, 289-r 

tubes, collapsible, extrusion of. III, 85-4 

U. S. Navy specifications, I, 68-2 

weight per cubic inch, V, 398-5 
Tin alloyi, I, 506-2; m, 268-2 

aluminum, plating, m, 45-5 

MTx ^lgMn s, I, 9X-2 

antimony, I, 297-5 

antimony-copper, I, 70-r 

antimony-lead, I, 7X-5 

bell metid, 1, 3x8^ 

Britannia, I, 506-2 

copper, I, 70-4; 297-4 

copper, etching reagent, IV, 354-2 

copper, for brass foundries, I, 494-2 

copper-lead, I, 7X-4 

copper-lead-zinc, I, 7x-r 

copper-zinc, I, 70-4 

copper-zinc, strength, VI, 99-j 

epicassit. III, 63-5 

etching reagent, IV, 354-5 

for die casting. 11, 339-2 

for tempering baths, HE, 5x8-5 

fusible, m, 368-2 

Jacoby metal, IV, 94-2 

Kannarsch metal, IV, X44-1 

manganese, IV, 318-5 

melting points, IV, 336-j; V, 388-1 

pewter, V, 10-2 

Queen's metal, V, 227-2 
Turned iron, V, 284-2; VI, 290-5 

coefficient of heat radiation. III, 542-2 

seams in, V, 329-j 

speed for spinning, V, 453-4 

tools for spinning, V, 457-4 
Turned steel, V, 284-2; VI, 290-5 



Tinned steel, flux for soldering, V, 387-4 

sokier for, V, 387-4 

temeplate, VI, 223-4 
Tinning, VI, 289-1 

add process, VI, 289-2 

aluminum, V, 393-5 

cast iron, VI, 290-1 

cokl process, VI, 290-5 

for sweating, VI, X39-5 

of soldering-copper, V, 390-z 

palm-ofl process, VI, 289-2 

previous to babbitting; I, 200-1 

sheet-steel articles, VI, 289-5 

steel plates, VI, 289-r 

wrought iron, VI, 289-j 
Thiol, V, 388-4 
Tin plate, V, 284-2; VI, 290-5 

oxy-acetylene welding, VI, 477-4 

roofing, VI, 223-4 

solder for, V, 386-4 
Tire molds, engraving, m, 62-2 
Tires, locomotive wheel, IV, 228-5 

shrinking on wheel-centers, IV, 229-4 
T-iron, bending, 1, 344-2 

moment of inertia, I, 267-5; 268-j; 269-r 

radius of gyration, I, 267-5; 268-1; 269-r 

section modulus, I, 267-5; 268-1; 269-1 
Titanium, VI, 290-4 

affinity for oxygen and nitrogen, VI, 291-5 

in cast iron, VI, 292-5 

in crudble steel, VI, 292-5 

influence on cast iron, II, 33-2 

m steel castings, VI, 292-5 

melting point, IV, 335-2 

method of adding to steel, VI, 29X-4 

specific gravity, V, 398-5 

steel, see "Titanium steel" 

weight per cubic inch, V, 398-5 
Titanium steel, I, 75-4; VI, 290-4 

endurance, VI, 292-2 

hardness, VI, 292-1 

strength, VI, 292-/ 

tests, VI, 292-1 

tool steel, VI, 292-5 
Tobin bronze, VI, 292-4 

for welding copper alloys, VI, 479-1 
Toe-dogs, planer, V, XX7-2 
Toe-latch for dies, VI, 82-2 
Toggle and friction ratchet variable-speed 

mechanism, VI, 429-2 
Toggle-drawmg press, V, X52-4 
Toggle joint, VI, 292-4 
Toggle riveter, hydraulic, V, 266-4 
Tolerance, IV, 210-4 

for running fits, in, X45-5 

weighing scales, VI, 46X-J 
Tolidol, developer, V, X7-2 
Ton. VI, 464-5 

British shipping, VI, 464-2 

in metric imits, VI, 465-4 

metric, VI, 465-2 

metric, in English imits, VI, 465-4 

register, VI, 464-1 

U. S. shipping, VI, 464-2 
Tongs, I, 375-4 

designating size, IV, 286-5 

for handling crucibles, n, 269-4 
Tongue-and-groove bride, IQ, X4X-2 
Tool (see also "Tools") 

benches for forge shops. III, 185-4 

design, effect of chips, n, 103-4 

design, for automatic screw machines, I, 
X78-J 

grinding, see "Tool grinding" 

grinding machines, see "Tool-grinding 
machines" 

head, extension, planer, V, 9X-4 

holders, see "Tool-hoklen" 

lists, n, 40X-2 

racks for forge shops, in, X84-4 

sted, see "Tool sted" 



144 



TOOL GRINDING — TRANSFORMER 



Tool grinding, VI, 293-^ 

angle of tool point, VI, 294-4 

clearance, VI, 294-5 

drawing temper when grinding, VI, 295-j 

drills, n, 43 2-5 

madiines for (see alao "Tool-grinding 
machines")* VI, 296-2 

planer tools, VI, 295-5 

shape of cutting edge, VI, 293-5 

turning tools, VI, 294-2 
Tool-grinding machines, VI, 296-2 

designating size, IV, 285- J 

for forge shops, m, i86>i 

for pattern Jiop, IV, 536- j 

horsepower, IV, 452-5 
Tool-holders, VI, 298-5 

clamped by toolpost screw, VI, 299-4^ 

damping cutters, VI, 298-2 

compared with solid tools, VI, 297-2 

for cutting-off tools, VI, 300-5 

for high-speed steel, IV, 4-4 

for stellite cutters, VI, 74- 1 

inserted cutter, lathe, IV, 181-4 

multiple, see "Tool-holders, multiple" 

providing top rake, VI, 299-2 

threading, VI, 278-2 

turning, VI, 297-1 

types of, VI, 297-4 
Tool-holders, multiple, VI, 344-5 

for automobfle hub, VI, 345-1 

for flat turret lathe, VI, 344-4 

for gear blanks, VI, 349-j 

for piston turning, VI, 347-r 

for shafts, VI, 344- J 

for vertical boring mill, VI, 349-4 

for vertical turret lathe, VI, 348-5 

pOoted, VI, 346-2 

toolpost turret, VI, 349-2 

with roller back-rest, VI, 347-j 
Toohnakers' files, m, 122-r 

making, HI, 114-2 
Toobnakecs' lathe, IV, 170-5; 178-4 
Toolmakers* protractor, V, 178-4 
Toolmakers' vise, VI, 439-5 
ToolmaMng, button locating method, I, 

525-^ 
diemaking, 11, 342-4 

dividing methods, II, 387-5 

engraving machine for, HI, 62-5 

forming tools, m, 193-j 

gages, HI, 268-4 

gear-cutter forming tools, m, 319-2 

locating methods, IV, 21 1-5 

sub-press dies, VI, 117-5 

vise for fine, VI, 439-5 
Toolpost grinders, ni, 444-4; IV, 169-5 
Toolpost grinding attachment, 1, 341-5 
Toolpost wrench, VI, 553-2 
Tool-rcxMn check systems, n, 91-4 
Tool-room lathe, IV, 170-5; 178-4 
Tools, beading, for metal spinning, V, 458-1 

chaamg, designating size, IV, 285-5 

cutting-off, designating size, IV, 285-5 

diamond, II, 3x0-4 

diamond point, V, X13-5 

draftsmen's, 11, 40X-4 

effect of temperature on durability, V, 

43S-* 
for laying out machine parts, IV, 189-2 
fonning, m, 193-j 
for winding tension springs, V, 482-j 
high-speed steel, hardening, IV, 2-4 
lathe spring-winding, V, 481-1 
lathe, tunung, IV, 180-5 
metal spinning, V, 457-1 
metal spinning, materials for, V, 457-4 
percentage of carbon in, I, 557-5 
planer, V, 11 3-2 

planer, designating size, IV, 285-5 
planer, for rack teeth, V, 229-1 
pressure on lip surface, IV, 276-2 



Tools, roll-grooving, V, 288-5 

roll-turning, V, 288-2 

shaping, designating aze, IV, 285-5 

slotting machine, V, 383-2 

steel for, II, 274-1 

stellite, VI, 73-5 

supply of, for drilling department, n, 
446-2 

QTStems for ordering, IV, 317-2; V, 169-2 

thread, VI, 281-1 

turning, designating size, IV, 285-5 

turning, special, VI, 343-4 

turret lathe, VI, 363-2 

wear of, V. 435-4 

wire forming, VI, 517-j 

wood-turning, VI, 540-4 
Tool steel, VI, 301-1 

carbon-temper, II, 274-1 

cmdble, n, 271-2 

drill-rod, II, 465-2 

feeds for drilling, V, 440-5 

flux for welding, VI, 470-j 

gears, feed for bobbing, V, 441-4 

hardness test, in, 128-5 

making by cementation process, II, 36-5 

milling speed, V, 438-1 

Navy specifications, VI, 301-J 

oxy-ac^lene welding, VI, 477-4 

speed for drilling, V, 440-5 

speed for turning, V, 433-2 

tapping, torque required, VI, 202-j 

testing, m, 128-X 

testing machine, m, 126-4 

titanium in, VI, 292-5 
Tooth (see also "Teeth") 

angle in spiral gearing, V, 461-5 

forms, silent d^an, II, 73-j 

forms, spiral bevel gear, V, 473-4 

hunting, IV, 33-4 

rest for cutter grinding, II, 286-j; 287-2 

systems for bevel gears, 1, 359-2 

systems for gears, V, 517-2 
Tooth-rounding machines, designating size^ 

IV, 285-2 
Topaz, hardness, m, 527-j 
Topped oil, II, 37^-4 
Top rake of circular forming tools, III, 

300-4 

Torch, laid burning, IV, 198-r 

manipulating in aluminum welding, VI, 
480-2 

metal cutting, VI, 481-5 

metal cutting, operation of, VI, 482-2 

ozy-acetylene welding, VI, 473-1 

ozy-hydrogen, IV, 513-J 

welding, adjustment, VI, 476-5 
Torque, of electric meters, V, 533-5 

of induction motor, IV, 465-5 

required for tappmg, VI, 202-/ 
Torsional deflection of shaft, V, 332-4 
Torsional modulus of elasticity, for phos- 
phor-bronze, V, 493-5 

for spring bras^, V, 493*5 

for sted, V, 493-5 
Torsional moment, VI, 105-5 
Torsbnal strength, general formula, V, 

331-5 
Torsional stresses, VI, 105-2 

Torsional test, VI, 229-2 

principle, VI, 224-4 

machine for, VI, 229-4 
Torsion and bending combined, VI, 106-2 

Guest's formula, m, 488-2 

shafting, V, 334-5 
Torrion and compression combined, VI, 

107-5 
shafting, V, 335-1 
Torsion meter, VI, 230-j 
Torsion modulus, IV, 410-4 
Torsion springs, plain, formulas, V, 499-2 
Torus, Vt 301-5 



Torus, mensuration, IV, 345-5 
moment of inertia, IV, 58-4 
Total stress, VI, 95.4 
Toughened cast iron, VI, 63-2 
Tower, flexible, poles, VI, 320-5 
Towers, cooling, for condensers, n, 180-2 
Tower's experiments on friction and lubricap 

tion, I, 314-4; m, 215-/; 2x6-1 
Towing hawser, VI, 531-2 
Trace, in chemistry, VI, 301-5 
ThuJng arm, pianimeter, V, 109-4 
Tradng cloth, n, 422-2 
Tracing paper, II, 422-2 
Tracings, H, 399-5; VI, 301-5 
Track chisels, steel for, II, 274-/ 
Track return, importance ol, to prevent 

electrolysis, in, 33-1 
Track scale, VI, 459-1 
Traction sprockets, II, 76-5 
Thuitrix, I, 311-4 
Trade names of steel, American, VI, 63-5 

British, VI, 65-1 
Trade schools, VI, 302-1 

apprentice, 1, 107-j 

loundiy, VI, 304-2 

state, VI, 304-4 
Trains of gearing, m, 386-5 

power transmitted by, VI, 504-2 
Tram crane, n, 233-2 

Trammel points, designating size, IV, 286-4 
IVammels, setting, IV, 190-4 
Transfer instnunents, electric, m, 17-2 
Transfer method of making forming toob» 

III,x98-4 
Transfer switches, plug, VI, 164-5 

plug, bus, VI, 164-5 

plug, cable, VI, 164-5 

rotary, VI, 165-4 
Ttanaformation, n, 539-2 
Tnnsformer, VI, 305-5 

air-blast, VI, 307-2 

ammeter, HI, 19-1 

approximation of losses, V, 536-5 

auto-tranafbrmer, VI, 309-4 

bum-outs, m, 9-j 

coimections, 11, 196-4; VI, 308-4 

connections, wrong. III, 9-4 

constant-current, VI, 3x0-4 

cooling water, lU, xo-r 

core of, VI, 307-2 

current, for line drop compensation, m, 

74-1 
definitions, 11, 539-2; V, 533-1 
drying, m, xx-j 

efficiency, standardization rules, V, 534-5 
excessive heating. III, 9-1 
for wattmeters, ni, 20-4 
frequency, VI, 307-4 
heat dissipation, VI, 306-4 
hydraulic power plant, V, X47-2 
impedance, VI, 307-4 
induction motor considered as, IV, 463-2 
induction regulator, VI, 3x0-5 
installation, VI, 308-5; 310-1 
Instrument, housing, VI, x20-j 
in substations, V, 148-5 
insulation, VI, 307-2 
life of, n, 305-5 

location in hydraulic plant, V, X44-2 
losses, V, 535-5; VI, 306-4 
oO-cooled, VI, 307-x 
oil, drying. III, xo-5 
oil, insulating value, IV, 6x-4 
oil, testing, m, xo-4 
oil troubles. III, xo-5 
operation, m, 9-1 
outdoor substations, VI, X20-J 
overheating from overload. III, 9-2 
parallel operation, m, ix-5 
prind|de, VI, 306-1 
rated primary voltage, V, 533-1 
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T^antfoimer, rating, V, sss-4 

regulatioD, lulo, V, 537-1 

shipping, VI, 310-1 

Bbort circuital III, 9-1 

standardization, VI, 307-j 

standardization rules, V, 532-4 

tapfl^ VI, 307-4 

terminals^ VI, 308-a 

types, VI, 306-4 

types, choice ot, VI, 307-5 

used with converters^ II, 196-j 

ventilation. III, 9-4 

voltages, economical, VI, 305-4 

water-cooled, VI« 307-1 
Transiorming lugh-voltage to low-voltage, 

D. C, IV, 460-2 
Transit oil, VI, 307-2 
Transit method of shaft aligning, V, 337-5 
Transit, surveyors, VI, 131-4 
Tianslating gears for metric threads^ VI, 

248-2 
Transmission dynamometers, II, 513-4; 

516-4 
Tranimisaion lines, VI, 310-4 

conductors, VI, 310-4 

conductors, sags of, VI, 321-4 

conductors^ size, VI, 312-7 

conductors, size and weight for given 
energy loss, VI, 314-4 

corona, VI, 316-2 

energy loss, VI, 312-2 

beating of conductors, VI, 316-a 

life ol, II, 305-J 

pole foundations, VI, 321-2 

poles, concrete, VI, 31^5 

poks, steel, VI, 320-1 

poles^ types of, VI, 316-2 

poles, wooden, VI, 316-4 

regulation, rules, V, 537-' 

three-phase, VI, 313-4 

voltage drop, VI, 312-4 
Tnnsmlsaion of power, by belts, 1, 318-2 

by chain, II, 60-4 

by chain, efficiency of. III, 216-1 

by friction wheels, III, 217-1 

by rope, V, 292-4 

by shafting, V, 331-2 

by wire rope, VI, 530-1 

electric, Tbury system, VI, 287-4 
Tranimisaion, rope, V, 292-4 

alignment of shafts, V, 295-1 

American system, V, 293-2 

angular driving, V, 295-5 

continuous aystem, V, 293-2 

cotton ropes, V, 294-j 

crossed rope driving, V, 295-5 

English system, V, 293-2 

for machine tools, V, 296-4 

horsepower transmitted by cotton ropes, 
table, V, 296-1 

horsepower transmitted by wire rope, 
table, V, 297-5 

lubrication of ropes, V, 294-4 

Manila ropes, V, 294-5 

multiple system, V, 293-2 

power transmitted, V, 296-5; 298-1 

pulley center distances, V, 294-2 

pulley diameters, V, 294-1 

pulley grooves, V, 293-4 

sag and stretch of ropes, V, 294-4 

speeds, V, 295-4 

splicing, V, 290-4 

systems, V, 293-2 

wire rope, V, 297-2 

wire rope, center-to-center distances, V, 

297-4 
wire rope, number of strands, V, 297-j 
wire rope^ protective coating, V, 298-2 
wire rope, sag of, V, 297-4 
wire rope, splicing, V, 291-2 
Transmission voltage, economical, VI, 305-5 



Transmission wire rope, VI, 521-2 
Transpiration pyrometers, characteristics, 

V, 219-1 
Transposition of formulas, m, 204-5 
Transverse tests, VI, 228-4 

machine for, VI, 229-1 

principle, VI, 224-j 
Trapezium, VI, 324-1 

mensuration, IV, 338-4 
Trapezoid, VI, 324-1 

center of gravity, III, 429-5 

mensuration, IV, 338-4 

moment of inertia, I, 266-1 

radius of gsrration, I, 266-1 

section modulus, I, 266-1 
Traps, return, for boiler feeding, I, 396-1 
Trapstone, specific gravity, V, 400-2 

weight per cubic foot, V, 400-2 
Traveling cranes, overhead, II, 233-1; 

242-5 
application, n, 242-5 

axle friction, II, 245-2 

axles, II, 247-2 

barrds, II, 248-4 

brakes, II, 249-2 

chain, II, 248-2 

clearance space, II, 246-1 

crab framing, II, 246-2 

cross-shafting, II, 254-5 

design, II, 243-5 

efficiency, II, 244-4 

end carriages, II, 252-4 

gearing, II, 256-1 

girders, II, 257-4 

hoisting rope, II, 247-4 

horsepower of motors, 11, 244-5 

location of drum gear, II, 254-4 

location of electrical accessories, II, 254-4 

lubrication, II, 254-4 

motor arrangement, II, 254-2 

motors, number of, n, 243-4 

operating speeds, n, 244-1 

platform brackets, H, 254-2 

platforms, II, 253-4 

running wheels, II, 246-4 

safety stop, II, 254-4 

shafts and besxings, 11, 251-4 

trolley framing, II, 246-2 

trolley types, II, 246-5 

types, n. 243-1 

wheel axles and bearings, II, 253-4 

wheel friction, II, 245-2 

wheels, II, 253-j 
Traveling-head planer, V, 106-2 
Traveling-head shaper, V, 350-2 
Traveling-head slotter, V, 383-4 
Thivel, valve, VI, 388-1 
Traverse grinding. III, 446-2 
Traverse shaper, V, 343-^; 350-2 
Traverstng-wheel cylindrical grinding ma- 
chine, m, 436-4 
Treasury Department definition of machine 

tools, IV, 278-2 
Tredgold's approximation for bevel geara^ 

ni, 347-5 
Trenton Iron Co. gage, table, VI, 508-1 
Trenton Iron Co. music wire gage, VI, 509-5 
Trepanning, IV, 234-2 

tool for, IV, 234-5 
Ttevethick superheater, VI, 124-1 
Trial-and-error method of solving equa- 
tions, m, 70-j 
Triangles, IV, 337-5 

center of gravity. III, 429-1; 429-5"! 

draftsmen's, II, 402-2 

draftsmen's, designating size, IV, 287-1 

equilateral. III, 408-1 

equilateral, to draw, III, 410-4 

formulas for solving, IV, 337-4 

geometrical properties of. III, 407-5 

hypotenuse, IV, 45-2 



Triangles, isosceles, m, 408-1 
logarithms in solving, VI, 327-4 
moment of inertia, I, 265-4 
oblique-angled, formulas, VI, 329 
polar moment, VI, 106-2 
radius of gyration, I, 265-4 
right-angled, III, 408-j 
right-angled, formulas, VI, 328 
section modulus, I, 265-4 
similar. III, 407-4 
solution of, VI, 324-1 
solution of, methods, VI, 327-2 
to inscribe in drde, III, 411-1 

Triangulation, V, 358-j 

Triblet for drawing brass tubing, 1, 499-1 

Tridymite (silica), V, 366-1 

Trigonometric formulas, VI, 330-, 

Trigonometric functions, VI, 325-2 
changes in value and sign, VI, 327-1 
use of tables, VI, 325-4 

Trigonometry, VI, 324-1 
angles, VI, 324-2 
arc sine, tangent, etc., 1, 124-4 
collection of formulas, VI, 330-2 
formulas for solving triangles, VI, 328; 

329 

functions of angles, VI, 325-2 

functions of angles, changes in value and 
sign, VI, 327-1 

functions of angles, graphic illustra- 
tion, VI, 326-4 

functions of angles greater than 90 degrees 
VI, 326-j 

law of cosines, VI, 327-2 

law of sines, VI, 327-2 

logarithms m solving triangles, VI, 327-4 

solution of triangles, VI, 327-2 

tables of functions, use of, VI, 325-4 

triangles, VI, 325-1 
Trimmer, wood, IV, 535-5 
Trimming dies, n, 485-1; 496-2 

cold-trimmers, n, 496-4; 498-2 

cold trimmers, punches for, II, 498-4 

for string drop forging, II, 480-4 

hot-trimmers, II, 496- j 

hot-trimmers, making, n, 497-2 

hot-trimmers, punches for, II, 498-1 

steel for, VI, 301-2 
Trimming drawn rectangular parts, n, 

417-4 
Trimming presses, V, 151-1 

Trimming saw blanks, V, 313-1 
Tripartite poles, VI, 320-5 
Trip coils, switches, testing, VI, 177-^ 
Triple-action dies, II, 367-4 
Triple-action power press, V, 153-1 
Triple-expansion engines, VI, 26-4 
Triple-geared headstocks, IV, 173-4 
Triple-riveted butt-joint, formulas, V, 

271-2 
proportions, V, 270-1 
Triplex cable, 11, 184-2 
Tripoli composition, V, 125-3 
Tripping devices for circuit-breakers, n, 

116-5 
Tripping oil siritches, VI, 175-5 
Tripping relays, D. C. potential, V, 250-j 
Trips and reversing mechanisms, VI, 

84-4 
boring mill, VI, 91-5 
combined stops and trips, VI, 88-5 
drill press, VI, 90-4 
gear-cutter, VI, 89-4; 9^-z 
grinding machine, VI, 89-2; 92-5 
k>ad-and-fire, VI, 89-5 
miscellaneous, VI, 90-4 
planer, VI, 90-4 
shaper, VI, 90-5 
simple type, VI, 89-1 
trip and reversing, VI, 89-2 
worm trips, VI, 90-4 
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Trips and reveniiig mecfaa]iiaiia» worm 

trips, thrust in, VI, 286-4 
Trips for oil switches, VI, 175-3 
Th>Uey, cimne, design, II» 246-^ 

types of, n, 246- J 
Tkolley, negative, to prevent dectrolyais* 

in.3W 

Trolley polarity, reversal of, IH, 32-1 

Trolley systems, double, to prevent elec- 
trolysis, III, 31-4 

Trolley wires, canying by "catenary oys- 
tem, n, 3S-2 

Troostite, II, 7-3 
development of, IV, 352-^ 

Troosto-martenaitic steel, IV, 352-2 

Troosto-aorbitic steel, IV, 35 2- j 

Tropenas process for steel casting, I, 352-j 

Troughing idlers for bdt conv^ors, II, 
200-4 

Troy weight, VI, 464-3 

Truck wheels, shop, VI, 330-4 

True discount, IV, 71-4 

Truing grinding wheels, m, 479-r 
for multiple diameter grinding, in, 455-4 

Truing lathe centers, IV, 169-2 

Trump water turbine, VI, 449-2 

Trunk pistons of gas engmes, m, 285-j 

Ttuss-type pole, VI, 3x9-3 

T-slots, cutters for, IV, 368-1; 381-2 
milling, IV, 403-1 
tool for planhig, V, 115-r 

T-squares, 11, 402-2 
designating size, IV, 287-j 

Tube (see also "Tubes"). V, 22-5 
bending machine, V, 29-j 
bending machine, power-driven, V, 31-j 
drawing, dies for brass, I, 499-4 
expander, VI, 340-7 
expander, designating size, IV, 286-2 
expanding, VI, 340-j 
expanding, use of ferrules, VI, 341-2 
holes for boflers, I, 444-4 
lamp, mercury vapor, IV, 347-2 
lamp, Moore, II, 551-1; IV, 430-4 
lamp, quartz, IV, 347-4 
mail, pneumatic, air pressure for, I, 385-r 
manufacture, see "Tube manufacture" 
mill, brass, I, 498-2 
Pitot, V, 91-3 
resistor, V, 264-4 
sheets for boilers, I, 429-r 
sheets of combustbn chambers, 1, 444-1 
vises, designating size, IV, 386-2 
welding, autogenous, VI, 338-2 
welding marhine, Lbyd, VI, 339-^ 

Tabe mannfacture, VI, 331-/ 
autogenous tube welding, VI, 338-2 
butt-welding, VI, 331-4 
continuous rolling process, VI, 336-r 
Ehrhardt process, VI, 335-1 
electrolytic process, VI, 339-4 
finishing pierced billets, VI, 335-2 
gap (pilger) rolling, VI, 335-^ 
lap-welding, VI, 332-J 
Lloyd tube-welding machine, VI, 339-2 
Mannesmann process, VI, 333-4 
materials for tubes, VI, 337-3 
physical properties of tubes, VI, 338-1 
power for diuw-benches, VI, 337-1 
seamless steel tubing, VI, 333-/ 
Shelby seamless tubes, VI, 336-2 
steel and wrought-lron pipe compared, 

VI, 332-4 
Stiefel process, VI, 334-4 
Swedish rolling process, VI, 336-j 
thickness of seamless tubes, VI, 336-1 
thickness of welded tubes, VI, 336-1 
tubes from flat plates, VI, 337-2 
welding methods, development, VI, 331.-2 

Tubes (pipes; see also "Tube"), V, 22-3 
Bariow's formula for strength, I, 248-3 



Tubes, beadmg, VI, 341-1 
bending, V, 28-j 
boiler, I, 427-4 

boiler, lap-weUed and sfumlffw, I, 438-4 
boiler, minimum thickness, I, 432-4 
boiler stay, 1, 443-4 
brass, V, 25-4 
brass, making, 1, 49S-2 
brass, number of threads on, m, 307-3 
brass, seamless, table, I, 500-/ 
brass, specifications, I, 499-4 
brass, swaging, VI, 137-1 
carbon content, VI, 337-4 
collapsible, extrusion of, m, 85-4 
copper, V, 25-4 
copper, electrolytic method of producing, 

m, 37-1 
copper, Elmore process for, m, 55-4 
direct production of, n, 456-1 
electric welding, VI, 486-2 
electrolytic process for making, VI, 339-4 
from flat plates, making, VI, 337-2 
glass, for tpint levels, IV, 198-4 
manufacture, see "Tube manufacture" 
materials for steel, VI, 337-3 

seamless, strength, n, 301-1 

seamlfiss, thirknffts, VI, 336-r 

seamless welded, VI, 339-2 

Shelby seamless, VI, 336-2 

spinning of, V, 456-2 

steel, physical properties, VI, 338-j 

strength of, n, 299-2 

subjected to external pressures, II, 302-4 

surface condenser, n, 176-4 

swaging, VI, 135-3 

welded, strength, n, 301-j 

welded, thickness, VI, 336-r 

wrought-iron, physical properties, VI, 

33»-r 

zinc, VI, 566-3 
Tubular boilers in power plant, V, 133-4 
Tubular gages, deugnating size, IV, 287-r 
Tubular shapes, extrusion of. III, 83-2 
Tumbler files, ni, 120-z 
Tumbler gear, VI, 341-4 

and cone, variable-speed, VI, 432-2 

durection of teeth pressure, VI, 342-2 

drill feed mechanism, V, 417-2 
Tumbling barrels, for ball burnishing, I, 

523-3 
for cleaning work for dectropUting, HI, 

43-1 

for steel baUs, I, 237-2 
Tumbling, japanning by, IV, 94-3 
Tumbling steel balls, I, 237-2 
Tumbling work in powdered cork, III, 136-1 
Tungaten, VI, 343-' 

influence on high-speed steel, IV, 1-4 

in steel, IV, i-x 

lamp, n, 545-4 

lamp, historical note, II, 544-4 

melting point, IV, 335-^ 

ores, VI, 343-4 

percentage in high-speed steel, IV, 4-4 

specific gravity, V, 39^4 

steel, see "Tungsten (high-speed) steel" 

weight per cubic inch, V, 398-4 
Tungsten (high-speed) steel, I, 75-2; IV, i-i 

compared with vanadium steel, VI, 417-4 

Damascus, 11, 303-3 

duratnlity, V, 435-^ 

for draw-plates, VI, 512-3 

for saws, V, 312-2 

for taps, VI, 214-4 

Mushet, IV, 435-^ 

spark picture, IV, 83-3 
Tun, liquid measure, VI, 464-2 
Turbme pumps, V, 203-2 
Tnrbines, gas. III, 317-4 

explosive. III, 319-' 



Turbines, gas, first applicatioa, HI, 3x8-4 

first built. III, 318-3 

Impulse, m, 3x9-2 
Torbinos, fteam, VI, 36-4 

Allis-ChafanerB, VI, 51-4 

application, VI, 36-4 

arrangement, in power plants, V, 130-r 

bearings, lubrication, IV, 246-2 

blade material, I, 68-2; VI, 58-2 

bleeder, VI, 57-3 

care, VI, 60-4 

classification, VI, 38-3 

compound, VI, 39-4 

compound pressure and velocity, VI, 41-J 

condensers, II, 175-2 

condensmg, efi'ect of, VI, 59-4 

cost, VI, 58-4 

Curtis, VI, 47-2 

cut-out nozzle, VI, 49-2 

De Laval, VI, 41-4 

De Laval multi-stage, VI, 45-4 

difference from rotary engine, VI, 25-2 

double-flow, VI, 56-2 

drive for pumps, V, 209-3 

efficiency, VI, 60-2 

exhaust main, expansion, V, 78-4 

flexible coupling for, 11, 230-4 

floor space, VI, 58-j 

herringbone gears for, HI, 550-3; 552-2 

horsepower, VI, 59-2 

impulse, VI, 37-3; 38-3 

impulse and reaction combined, VI, 39-2; 
56-J 

in steam-electric power plants, V, 137-r 

Kerr, VI, 44-4 

life of, n, 305-3 

LjungstrGm, VI, 57-4 

load variation, effect of, VI, 60-2 

lubrication, VI, 60-3 

method of expressing speed regulation, 

V, 537-^ 
mixed-pressure, VI, 57-2 
multi-pressure, VI, 40-3 
multi-stage, VI, 40-4 
multi-velocity, VI, 40-1 
operation, VI, 60-4 
Parsons, VI, 51-1 

pressure measurement, VI, 61-3; 61-4 
reactkm, VI, 37-3; 39-2 
reaction, types, VI, 50-4 
Ridgeway, VI, 47-1 
spedal, VI, 56-4 
starting, VI, 61-1 

steam consumption, VI, 58-4; 61-4 
Sturtevant, VI, 43-z 
superheated steam in, VI, 60-2; X23-3 
temperature measurement, VI, 61-3 
Teny, VI, 44-^ 
Terry return-flow, VI, 50-3 
testing, VI, 61-2; 62-j 
theory, VI, 37-^ 
types, VI, 41-4 
weight, VI, 58-j 

Westinghouse-Parsons, VI, 54-3 
Torbinet, water, VI, 444-2 
classification, VI, 446-2 
construction, details of, VI, 451-4 
current and gravity type, VI, 446-3 
efficiency, VI, 457-r 

for hydroelectric stations, V, X43-4; 145- / 
Foumeyron, VI, 448-2 
Francis, VI, 449-1 
Girard, VI, 447-3 
governors, VI, 453-3 
head and power of water, VI, 444-3 
head-gate apparatus, VI, 454-2 
herringbone gears for. III, 553-r 
horsepower due to given head, VI, 445-/ 
impulse, VI, 446-2; 447-2 
impulse, construction, VI, 452-2 
installation, VI, 454-2 
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TVirbuies, water, Jouval, VT, 449-1 
life of, II, 30S-J 
method of ezpreaaing speed regulation, 

V, 537-^ 
number and ^ze, in power plants, V, 

I4S-I 

Felton, VI, 447-5 

reaction, VI, 446-2; 448-r 

reaction, parts of, VI, 453-r 

runners, VI, 449-J 

runners, classification, VI, 450-1 

runners, design, VI, 450-1 

runners, diameter, VI, 450-5 

runners, mixed flow, VI, 449-4 

runner tables, VI, 450-4 

Scotch mill, VI, 44^1 

speed limit, VI, 450-5 

testing, VI, 455-2 

weir table, VI, 445-4 
Turbo air pumps, 1, 56-4 
Turbo-alternators, air supply, V, 137-5 

vertical, VI, 49-J 
Turbo-compressors, I, 3S4-1; 3^9-5 

capacities and pressures, I, 389-4 

governors, 1, 390-1 
Turgite, IV, 85-2 
Turkey oilstones, IV, 505-r 
Turkey powder for lapping, IV, 168-4 
Turkish emery, m, 56-5 
Turners for bar work, VI, 369-4 
Turner's sderometer, m, 527-4 
Turning, IV, 181 -4 

attachment, eccentric, II, 521-4 

ball blanks, I, 228-1 

cast iron, c^ect of cooling water, V, 435-^ 

chilled cast iron, speeds, V, 433-4 

conical surfaces in boring mill, VI, 189-2 

copper. V, 437-^ 

crown brasses, IV, 231-4 

cutting speeds, V, 433-^ 

cylindrical, sec "Turning, cylindrical" 

depth of cut, V, 434-1 

driving wheels, IV, 228-2 

eccentric, n, 520-4 

elliptic, in, 54-4 

feeds for, V, 434-r 

fixtures, eccentric, design, 11, 525-2 

fixtures, eccentric, for boring mill, II, 
523-2 

fixtures, eccentric, for turret lathe, U, 
522-j 

foUow-rest for, V, 553-5 

gutta-percha, V, 437-1 

in boring mill, 1, 471-4 

lathe, wood, IV, 535-5 

limestone, V, 437-2 

lubricants, IV, 253-2 

machines, automatic piston, V, 82-4 

machines, selection of, IV, 188-2 

machine taps, IV, 267-2 

marble, IV, 326-5 

mills, 1, 469-2 

nulls, designating'size, IV, 284-2 

mills, horsepower,' IV, 452-4 

ovals (elliptic turning), m, 54-4 

piston rings, V, 82-2; 86-1 

rolls, V, 287-5 

rubber, V, 437-r 

shafts, V, 341-^; 34W 

slate, V, 437-1 

spherical, see "Turning, spherical" 

steadyrest for, V, 552-1 

taper, see "Turning, taper" 

tapper taps, VI, 193-4 

tools, see "Tummg tools" 

twist drill blanks, II, 468-4 
Tuming-and-boring lathe, IV, 179-4 
Tuming-and-boring machines, I, 469-2 
Turning, cylindrical, IV, 181-4 

aligning lathe centers, IV, 183-4 

broad tool for finishing cuts, IV, 184-4 



Turning, cylindrical, chucks, application, 
IV, 184-2 

drivers or dogs, application, IV, 184-2 

facing ends square, IV, 182-j 

position of tools, IV, 183-2 

radial facing, IV, 184-5 

roughing and finishing cuts, IV, 183-1 

turning tools, IV, 180-5; 182-5 
Turning-point in surv^ng, VI, 13 1-5 
Turning, spherical, V, 444-5 

attachments, V, 445-5 

in boring miU, V, 451-5 

in engine lathe, V, 445-r 

in turret lathe, V, 44^-4 

in vertical turret lathe, V, 450-4 

piston crowning, V, 446-4 

pulley crowning, V, 447-^ 

pulley crowning in boring mill, V, 451-2 

radius-bar, V, 447-4 
Taming, taper, VI, 181 -5 

height of tool, VI, 185-1 

in engme lathe, VI, 181-5 

in turret lathe, VI, 186-2 

in vertical boring mill, I, 472-5; VI, 
189-2 

in vertical turret lathe, VI, 191-5 

taper attachment, VI, 183-5 

with compound rest, VI, 185-4 
Turning-tool method, individual, for mak- 
ing forming tools, m, 199-2 
Turning tools, IV, 180-5 

adjustable, VI, 345-5 

adjustable boring and turning-bars, VI, 

345-4 
adjustable, pOoted, VI, 348-2 
adjustable, turret lathe, VI, 367-5 
application of cutting lubricant, IV, 

255-a 

boring, IV, 181-2 

brass-turning, IV, 181-2 

clearance, VI, 294-5 

cutting-off tools, IV, i8i-r 

designating size, IV, 285-5 

diamond, n, 311-4 

double-ended piloted, VI, 347-4 

for automatic screw machines, 1, 156-4 

for boring mill, I, 472-4: VI, 349-4 

for cylindrical turning, IV, 182-5 

for gear blanks, VI, 349-r 

form tools, IV, 181-2 

for vertical turret lathe, VI, 348-5 

for wood, VI, 540-4 

high-speed steel, hardening, IV, 2-4 

holders for, VI, 297-1 

inserted cutter tool-holders, IV, 181-4 

multiple toolpost, tiuret, VI, 349-2 

multi-turning, for automobile hub, VI, 

345-1 
multi-turning, for flat turret lathe, VI, 

344-4 

multi-turning pfloted, VI, 346-2 

parting tools, IV, z8x-j 

percentage of carbon in, I, 55^-5 

piston turning, VI, 347-1 

position of, when turning, IV, 183-2 

shape of, VI, 293-5 

side-tools, IV, i8i-r 

special, VI, 343-4 

square-nose, IV, 181-2 

threading, IV, 181-2 

top slope, VI, 294-2 

with roller back-rest, VI, 347-1 
Turn-over molding machines, m, 213-5 
Turn ratio, transformer, V, 533-r 
Turntable lathe, VI, 350-4 
Turpentine, as a lubricant for drilling, n, 
442-2; IV, 254-z 

for lapping, IV, 167-1 

for machining copper, IV, 253-5 

in paints, 11, 217-1 

latent heat, IV, 169-j 



Turpentine, oil of, boiling point, 1, 448-4 

oil of, specific gravity, V, 398-4 

sptd&c heat, V, 401-4 
Turret, 1, 180-5 

attachment for bench lathe, 1, 342-5 

chucking lathe, VI, 351-1 

drilling machines, n, 460-4 

hydraulic presses, IV, 37-2 

indexing mechanisms, see "Turret index- 
ing mechanisms" 

knurling, 1, 176-4 

knurling tools, IV, 157-j 

lathe, see "Turret lathe" 

locking and clamping in automatics, I, 
196-4 

means of revolving, in automatics, I, 

I9S-4 
multiple-kindle drilling machine, II, 

463-1 

screw machine, VI, 350-5 

single-spindle screw machine, I, 180-5 

slides, VI, 352-2 

slide stops, VI, 358-2 

stop mechanisms, VI, 358-2; 361-2; 362-2 

tilted, VI, 353-4 
Turret indexing mechanisms, VI, 358-2 

Acme, VI, 362-j 

Brown & Sharpe, VI, 359-4 

Bullard, VI, 361-4 

Garvin, VI, 358-4 

Hartness, VI, 360-4 

Stemle, VI, 359-2 
Turret lathe, IV, 179-1; VI, 350-2 

arbors, 1, 113-2 

automatic, 1, 187-2; VI, 356-2 

ball turning in, V, 448-4 

bar work in, VI, 370-5 

boring tools, 1, 459-1 

box tools, VI, 364-5 

centering tools, VI, 367-2 

chamfering tools, VI, 367-2 

chatter marks, prevention, VI, 372-5 

chucking, VI, 354-4 

chuck work, VI, 373-2 

chuck work, holding devices, VI, 372-4 

classification, VI, 350-2 

collapsing tap for, VI, 222-2 

cutting-off tools, VI, 367-4 

designation of sizes, VI, 356-2 

die- and tap-holders for, releasing, VI, 

368-5 
die-heads, self-opening, VI, 369-2 
drill-holders, VI, 367-4 
drilling in, VI, 371-2 
flat, VI, 352-5 

flat, double-spmdie, VI, 355-2 
flat, indexing mechanism, VI, 360-4 
flat, tool-holder for, VI, 344-4 
forming tools, VI, 371-4 
Fox, VI, 354-1 
gear-box, V, 412-4 
general description, VI, 351-5 
Hartness, VI, 352-5 
hollow mills, VI, 36S-2 
knurling tools, VI, 367-4 
Monitor, VI, 354-2 
multiple-spindle vertical, 1, 188-2 
pointing tools, VI, 367-2 
radius boring attachment, V, 449-2 
reamer holders, V, 237-2 
reaming, VI, 371-5 
recessing tools for, I, 467-2 
slip-cutter boring bar, I, 463-2 
stock-feeding mechanisms, VI, 356-j 
stop mechanisms, VI, 358-2 
stops, VI, 86-2; 87-r 
taper attachment, VI, 187-4 
taper boring, VI, 186-2 
taper turning device, VI, 189-r 
thread-chasing attachment, VI, 362-^ 
threading, VI, 371-5 



148 



TURRET LATHE — U. S. NAVY 



Tiuret lathe, tilted, VI, 353-4 
tools for, VI, 363-2 
turners for bar work, VI, 369-4 
turning fixture, eccentric, II, 532-j 
turning tools, adjiistable, VI, 367-5 
turning tools, special, VI, 343-4 
turret indexing, VI, 35&-2 
turret slides, VI, 352-2 
vertical, chip troubles, n, 106-1 
vertical, convex turning, V, 450-4 
vertical, multiple-spindle, 1, 188-2 
vertical, multiple tool for, VI, 348-5 
vertical, taper attachment, VI, 193-4 
vertical, taper turning, VI, 191-5 
vertical, work done in, 1, 475-1 

Turret-lathe type of vertical boring mill, I, 

470-5 
Tuyeres, for blast furnace, 1, 379-1 

for cupola, n, 281-j 

for forges, HI, 177-2 

for welding forge, VI, 469-3 
T-welding, electric, thin stock, VI, 489-4 
Twin cable, II, 184-j 
Twin chain, II, 62-j 
Twin furnaces, m, 258-5 
Twm-roUer chain, II, 62-5 
Twin wire, II, 184-2 
Twiss Corliss engine, VI, 13-5 
Twist drills, n, 465-3 

capacity of, n, 444-5 

clearance, 11, 466-5 

constant-angle, n, 465-4 

designating size, IV, 285-4 

dimensions, II, 468-j 

drilling oil-holes in, n, 440-4 

flat twisted, n, 438-4; 471-2 

flat twisted, capacity of, 11, 444- 1 

flat twisted, socket for, IV, 431-4 

fluting, n, 469-2 

fluting cutters, II, 468-J 

fluting cutters, designating size, IV, 286-1 

for deep-hole drilling, II, 448-2 

forging, n, 468-2 

gage, n, 467-5 

gage compared with steel wire gage^ n, 

440-4 

grindmg, n, 467-2; 470-2 

grinding deajrance, II, 470-j 

grinding machines, designating size, IV, 
285-2 

hardening, II, 467-1; 470-j 

high-speed steel, 11, 472-4 

high-speed steel, hardening, IV, 3-2 

hot-forged, n, 470-2 

increased twist, II, 465-4 

lead of helix, n, 466-1 

letter sizes, H, 470-1 

manufacturing methods, n, 467-4 

milling, II, 468-4 

milling clearance, II, 470-1 

milling machine, designating size, IV, 
285-/ 

Navy q)ecifications, n, 472-2 

numbend sizes, n, 470-4 

percentage of carbon in, I, 557-5 

relief, n, 466-5 

sockets for, designating size, IV, 285-5 

steel for, II, 274-2; 470-5 

straightening, II, 470-2 

tempering, EC, 467-^; 47o-i; m, 519-5 

thtrkness of web, 11, 466-2 

turning, 11, 468-4 

Vaudun, II, 471-5 

wire gage sizes, n, 469-1 

with increased lead angle, II, 472-j 
Twisted drills, flat, 11, 438-4; 471-2 
Twisted-link chain manufacture, 11, 48-5 
Twisted pair, definition, II, 184-2 
Twisting die, combination bending and, I, 

348-^ 
Twisting (torsional) test, VI, 224-4; 229-2 



Two-high rolling mill, V, 282-5 

Two-jaw chucks, designating size, IV, 285-^ 

Two-part flasks, IV, 412-4 

molding in, IV, 416-5 

molding three-part work in, IV, 417-4 
Two-part patterns, IV, 532-2 
Two-phase, V, 10-5 

circuits, n, 542-4; V, 227-2 

generator, m, 390-2 

transfonner connection, VI, 309-j; 309-2 
Two-point switch, VI, 162-2 
Two-speed planer countershaft, V, 99-4 
Two-speed planer drive, V, 99-2 
Two-stroke cycle engine, HI, 284-2 

Diesd engine, n, 371-2 
Twyers for forges (see also "Tuyeres")* 

m, 177-1 
Tjrpe-casting machines, n, 3x4-4; 315-J 
"IVpc characteristic," turbine, VI, 450-x 
Type, for die-sinking, II, 489-j 

metal, see "Typemetal" 

printing, height of, V, 526-4 

steel, making, V, 526-5 

sted stamping, height of, V, 526-4 
Typdess diesinker, IV, 398-4 
Typemetsl, 1, 102-4; VI. 374-J 

and leather, coeflident of friction. III, 
217-5 

bismuth in, I, 372-1 

for die castmg, U, 338-4 

mdting furnace for, in, 224-4 
Typewriter levers, alloy for, 1, 69-1 
Typewriter part, curling die for, II, 283-1 
Typewritten copy, making blue[»ints from, 

1, 393-4 
Typing, in die-sinking, II, 489-J 

in drop forging, II, 474-4 

U-damp, planer, V, 115-5 
Uehling pyrometers, V, 219-5 
Ultimate strength, VI, 95-4 

and elastic limit, ratio of, in, 92-2 

of common materials, VI, 97- J ; 97-2 

of metals, table, VI, 97-j 

rdation to hardness, III, 531-2 
Ultramarine blue, H, 216-J 
Unborcd piston rings, V, 86-5 
Under-feeid stokers, VI, 77-4; 78-5 
Under-fired furnace, HI, 221-5 

oU-buming, III, 257-2 
Underground conduits, pipe, V, 36-2 
Underload relays, V, 250-j; 252-5 

secondary, V, 255-j 
Underload trip for ckcuit-breakers, n, 

117-J 
Under^t water-wheel, VI, 446-5 
Unidraft drafting fabric, VI, 374-2 
Uniflow steam engines, VI, 29-4 

effidency, VI, 30-2 

valve-gear, VI, 13-4 
Uniform accelerated motion, IV, 432-j 

cam, I, S3^-i 

cam, laymg out, I, 539-4 
Uniform intermittent motion, gears for, 

IV, 72-3 
Uniform motion, IV, 432-j 

cam, I, 531-J 

curve, I, 537-J 

cylinder cam, laying out, I, 539-2 

heart cam, laying out, I, 531-2 

milling, I, 551-5 
Uniform strength of beams, I, 277-5; 278 
Unions, pipe, V, 41-'; 45- J 

dl, V, 4S-4t 

for lead-lined pipe, V, 41-4 

jomt, V, 4S-4 

Kewanee, V, 44-5 

Up, V, 4S-I 

tee, V, 45-4 
Unipolar machines, I, 26-5 



United Kingdom, iron and steel industries, 

IV, 84-2 
United Sutes (see also "U. S. ") 

iron and sted industries, IV, 84-2 

life and cost of patents, IV, 530-4 

machine industry, IV, 270-5 
Unit pole, VI, 374-4 
Units, absolute, I, 6-^ 

dectrical, V, 529-5 
Unit system of machine construction, VI, 

374-4 
Univalent, n, 94-4 
Universal attachment, spiral milling with, 

IV, 408-2 
Universal ball vise, VI, 439-5 
Universal chucks, II, xxo-5; xii-2 
Universal croas-slide knurling tools, IV, 

156-5 
Universal forging machines, IH, z88-2 
Universal grinding machines, HI, 435-2 

designating size, IV, 285-j 
Universal head, use of, on grinding mai-liin<»g^ 

m, 452-J 
Universal hydraulic jack, IV, 90-j 
Universal index centers, IV, 386-4 
Universsl joint, VI, 375-2 

ani^ between shafts, VI, 375-5 

iqiplied to boring bars, 1, 465-4 

construction, VI, 377-2 

prindple, VI, 375-2 

types. VI, 377-'? 

variation in vdodty ratio, VI, 375-4 
Universal lay rope, VI, 531-2 
Universal mill, V, 283-j 
Universal milling attachment, IV, 387-5 
Universal milling machines, IV, 390-4; 392-4 

designating size, IV, 284-4 

eariiest made, IV, 393-2 

horsepower, IV, 451-4 
Universal radial drilling machine, II, 458-5 
Universal ratchet drill, V, 232-2 
Universal shaper, V, 351-2 

attachment, V, 351-5 
Universal steadyrest for grinding, V, 546-2 
Universal turret lathe, VI, 35Z-J 
Universal turret slide, VI, 352-5 
Universal uniflow engines, VI, 30- j 
Universal vise, milling machme, VI, 440-2 
Unloader, for air compressors, 1, 40-4 
Up-cut in file making, m, 120-4 
Up-draft and down-draft suction gas pro- 
ducer, combined, HI, 31 1-5 
Up-draft pressure gas producers, HE, 309-2; 

311-5 
Up-draft suction gas producers, m, 310-2; 

3x2-4 
Upright drilling machine, n, 456-5; 457-J 
feed mechanisms, V, 41 7- J 
speed-changing mechanisms, V, 4x3-2 
Upsetting bolt ends, stock required for, I, 

456-J 
Upsetting machines, horsepower, IV, 453-2 
Upton-Lewis repeated stress testing ma- 
chine, VI, 231-5 
Uranium, VI, 377-4 

mdting point, IV, 335-2 

sted, VI, 378-1 
U. S. bushd, VI, 464-2 
U. S. flanged fittings, VI, 374^J 
U. S. fluid ounce, VI, 464-5 
U. S. F. thread, VI, 265-2 
U. S. gallon, VI, 464-2 

cylinder equal to, VI, 464-4 

in liters, VI, 465-4 
U. S. mints, systems used for gold refining^ 
in,40-J 

systems used for silver refining, m, 39-4 
U. S. Navy, lock-nut, IV, 222-2 

pitch of bolts for water and steam joints, 

V,44-4 
propeller keys, IV, 147-5 
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U. S. Navy» q>edficatk>n8, see "U. S. Navy 
q)edficatioii8" 

sunk key, IV, 145-r 

wire size designation, VI, 508-j 
n. S. KaTj apedflcatioiia, aluminum, I, 
86-j 

anvils, 1, 104-1 

belting, 1, 331-j 

bolts, I, 453-4 

brass tubing, 1, 499-4 

oold-roUed bars, II, 147-4 

composition of nonferrous alloys, 1, 67-5 

cupio-nickel, 11, 2Sa-2 

drill rod, II, 465-^ 

drills, II, 473-2 

grindistones, HI, 488-1 

gun-metal, III, 488-j 

high-speed steel, IV, 4-3 

hose couplings, IV, 33-1 

hose thread, IV, aa-i 

laid oil, IV, 355-' 

manganese-bronze, IV, 3x8-4 

mooel metal, IV, 4^9-4 

Muntz metal, IV, 485-9 

nickel steel, IV, 496-1 

phosphor-bronze, V, is- J 

rawhide leather lacing, I, 3SZ-4 

soMer, V, 387-2 

spelter solder, I, 503-J 

spring steel, V, soi-i 

steel castings, U, 30-4 

structural steel, VI, iii-i 

tool sted, VI, 30X-r 

white metal, VI, 504-5 

wrought iron, VI, 557-4 
U. S. sheet metal gage, VI, 508-/; 508-5; 

510-2 
U. S. shipping ton, VI, 464-2 
U. S. standard bolts and nuts, 1, 454-J 
U. 8. standard thread, VI, 365-2 

advantages, VI, 367-2 

chasers for, II, 83-j 

compared with V-threads, VI, 367-1 

compared with Whitworth threads, VI, 

368-4 
cutting, VI, 338-2 

measuring by one-wire system, VI, 353-2 
measuring by three-wire system, VI, 

351-j 
tap drills, VI, 300-5 
tools, clearance of, VI, 386-1 
tools, gages for, VI, 383-2 
tools, making, VI, a8i-2 
U. S. steel wire gage, VI, 507-j 
U. S. S. thread, VI, 365-2 
U. S. Treasury Department definition of 
machine tools, IV, 378-2 

Vacuum breakers, n, 175-5; x8o-i 
Vacuum chamber in pumps, V, 190-2 
Vacuum exhaust mains, V, 73-4 
Vacuum hammers. III, 500-j 
Vacuum lightning arrester, IV, 310-2 
Vacuum, line of absolute, VI, 4-j 
Vacuum obtainable with condensers, V, 

138-J 
Vacuum pumps, I, 53-2 

hydraulic, I, 58-/ 
Vacuum separators, for boQer feed water, 

I, 403-2 
Valence, II, 94-4 
Validity of intents, IV, 528-5 
Value, effective, deiSnition, V, 538-4. 

virtual, definition, V, 538-4 
Valv«, VI, 383-4 

air compressor, I, 38-4 

air, for blowing engines, 1, 392-1 

angle check, VI, 385-x 

area, pump, V, 193-4 

automatic, VI, 386-4 



Vahre, balanced, VI, 386-4 

balanced slide, IV, 336-2 

balancing, VI, 10-4 

ball check, VI, 385-1 

btow-off, VI, 385-2 

boiler check-, k)comotive, IV, 336-j 

by-pass, VI, 384-4 

check, VI, 385-j 

chucks, designating size, IV, 385-4 

drde, VI, 379-j 

Corliss, VI, 11-2 

Corliss, setting, VI, 40X-4 

cross, V, 44-2 

decks, definition, V, 193-5 

diagrams, see "Valve diagrams" 

die-casting machine, II, 318-4 

Diesel engine, II, 375-1 

double-ported, engine, VI, 10-2 

foot, pump, V, 190-4 

gas engine. III, 385- j; 393-1 

gas engine, swaging, VI, 136-4 

gate, VI, 384-5 

gear, see "Valve gear" 

gk>be, VI, 384-/ 

globe check, VI, 385-j 

gridiron engine, VI, ii-i 

grindhig (see also "Valve grinding"), VI, 
383-2 

hydraulic jack, leaky, IV, 93-5 

interior by-pass, VI, 384-4 

lift, pump, V, 193-4 

location of, in pipe lines, V, 56-2 

mechanism, engine, function of, VI, 378-5 

M^er, VI, ii-i 

Meyer, setting, VI, 393-4 

mixing, for gas and air, ni, 389-5 

motion, see "Valve motion" 

needle, V, 45-r 

needle, of oil engines, in, 387-4 

needle point, V, 45-j 

needle, Whitworth thread for, VI, 368-5 

operating mechanism for steam drop- 
hammers, n, 511-5 

packing metal, composition, I, 70-2 

piston, engine, VI, xo-i 

piston, locomotive, IV, 336-5 

poppet, electrically-welded, VI, 491-2 

pressure reducing, VI, 387-1 

pump, V, 193-4 

pump, arrangement of, V, 193-5 

pump, hsrdraulic jack, IV, 93-4 

pump, spring pressure on, V, 194-J 

"re-grinding" type, VI, 384-2 

reseaters, designating size, IV, 385-5 

safety, 1, 445-4; VI, 385-4 

safety, pop, VI, 386-2 

seats, false, IV, 335-4 

seats, tools for truing, VI, 383-5 

seats, truing slide, IV, 335-5 

setting, see "Valve setting" 

slide, engine, VI, 6-5 

steam, duplex pumps, V, 187-4 

steam engine, special, VI, 13-5 

steam, metal for, VI, 36-5 

stem, engine, proportioning, VI, 35-5 

stop for boilers, I, 447-j 

superheated steam, VI, 135-j 

swing check, VI, 385-j 

testing, VI, 387-2 

three- and four-way, VI, 385-5 

tools for truing, VI, 383-5 

travel, VI, 388-1; 388-2; 406-5 

working pressures, V, 38-5 
Valve diagrams, VI, 378-2 

Bilgram, VI, 381-5 

eccentricity, effect of changing, VI, 381-1 

relation to indicator card, VI, 379-5 

valve mechanism, VI, 378-5 

Zeuner, VI, 379-r 

Zeuner, application, VI, 380-r 

Zeuner, construction, VI, 380-2 



Valve diagrams, Zeuner, summary of prin- 
ciples, VI, 381-2 
Valve-gear, sir pump, I, 56-5 

CorUss, VI, ix-2 

Curtis turbine, VI, 50-5 

definitions, VI, 387-5 

Diesel engine, II, 375-1 

non-detaching, VI, 13-5 

steam engine, VI, 8-2 

Stephenson, VI, 9-1 

Stephenson, setting, VI, 403-2 

Walschaerts, VI, 409-1 

Walschaerts, setting, VI, 410-1 
Valve grinding, VI, 383-2 

abrasives, VI, 383-2 

machines, VI, 383-2 

speed for, VI, 383-2 

throttle, IV, 335-4 
Valve motion, assembling a locomotive, I, 
149-2 

direct, VI, 388-r 

indirect, VI, 388-2 

of pumps, V, 185-4 

Stephenson, VI, 9-1; 403-2 

Walschaerts, VI, 409-j 
Valve aetting, VI, 387-2 

automatic cut-off valve, VI, 394yt 

Buckeye automatic, VI, 395-4 / 

condensing engine, VI, 399-1 

Corliss valve, VI, 401-4 

duplex pumps, V, 188-2 

four-valve engine, VI, 414-4 

governor speed adjustments, VI, 400-1 

locating deEul centers, VI, 390-2 

locomotive, VI, 403-2 

locomotive, equalizing cut-off, VI, 407-5 

locomotive, equalizing valve travel, VI, 

406-5 
locomotive, lead of valves, VI, 407-2 
locomotive, locating port marks, VI, 404-5 
locomotive, revolving wheeb for, VI, 

40S-2 
Meyer valve, VI, 393-4 
piston typie valve, VI, 399-2 
position of eccentric, VI, 388-4 
reversible engines, VI, 391-4 
riding cut-off valve, VI, 395-r 
slide valve, VI, 388-2 
slide valve for equal cut-off, VI, 391-2 
steam pumps, V, 188-2 
Stephenson link motion, VI, 403-2 
use of indicator for, VI, 393-1 
valve-gear, definitions, VI, 387-5 
valve travel, equalizing, VI, 388-2 
Walschaerts valve, VI, 409-1 
Walschaerts valve, inside admission, VI, 

413-4 
Walschaerts valve, outside-admission, VI, 

410-5 
Vanadium, VI, 415-4 

bronze, VI, 416-1 

cast iron, VI, 416-J 

chrome or chromium steel, see "Vana- 
dium-chromium steel" 

in bearing metals, VI, 416-5 

in brass, VI, 416-1 

in cast iron, II, 33-2; VI, 416-1 

in high-speed steel, IV, x-2 

in steel, VI, 416-4 

melting point, IV, 335-2 

nickel steel, see "Vanadium-chromium 
steel" 

percentage in high-speed steel, IV, 4-4 

specific gravity, V, 398-4 

steel, see "Vanadium steel" and "Vana- 
dium-chromium steel" 

weight per cubic inch, V, 398-4 
Vanadium-chromiam ateel, I, 76-1; 
83-2 

composition, I, 80-4; VI, 99-2 

containing idckel, strength, VI, 417-5 



150 



VANADIUM-CHROMIUM STEEL — VITRIOL 



Vaoadiam-chronuom stod, for car wheels, 
VI, 4x8-^ 

for casehardening, I, 82- j 

for drop-fofrgings, II, 478-2 

heat-tieatment, I, 80-3 

properties, I, 80-j 

strength of, I, 8o-j; V, 99-2; VI, 417-J 
Vanadiiun steel, I, 75-3; 82-4; VI, 416-5 

broachiiig, I, 5x2-5 

compared with timgsten steels, VI, 417-4 

effect of vanadium on steel, VI, 416-4 

elastic limit, V, 494-1 

for aeroplanes, VI, 418-4 

for car wheels, VI, 4x8-2 

for hammer piston-rods, VI, 4x8-1 

for nulling cutters, IV, 386-2 

for nut forging dies, IV, 500-2 

for saws, V, 3x2-2 

for springs, V, 500-1 

for taps, VI, 214-4 

for twist drills, II, 470-4 

hardness, IQ, 538-2 

properties, VI, 4x7-2 
Vanes, guide, centrifugal pump, V, 202-j 
Van Stone joint, V, 48-2 

hydraulic, V, 49-1 

materials, V, 49-2 
Van Wagner die-casting machine, II, 325-2 
Vapor, II, 93-2 

lamp, n, 5SO-4 

lamp, mercury, IV, 347-2 

lamp, neon, IV, 43X-2 

measuring pressure of, by manometer, IV, 
326-2 

water, specific gravity, V, 399-2 
Vaporizers, for kerosene, m, 288-j 

for liquid fuels, III, 287-4 

for stationary oil engines, m, 289-1 
Vaporizer-type engines, internal, m, 29X-2 
Vaporizing carburetor, III, 287-2 
Variable intermittent motion, gears for, IV, 

73-r 
Vaxiable speed, countershaft, II, 228-1 
headstock, cylindrical grinding machine, 

V, 432-2 

mechanisms, see "Variable-speed mecha- 
nisms" 
motor drive, lathtf headstock, V, 406-j 
motor drive, shaper, V, 349-2 
motors, IV, 444-'; V, 532-2 
planer, V, 98-2 
planer, belted, V, 100-5 
planer, electric drive, V, 101-5 
planer, geared, V, 100-5 
shaper, V, 347-5 
shunt motor ratings, IV, 445-5 
Variable-speed mechanisms, VI, 4x8-4 
belted cones with compensating band, 

VI, W3 

belted cones with intermediate pulley, 

VI, 425-4 
circular friction surfaces, VI, 421-4 
clutch transmission, VI, 432-4 
clutch transmission and silent chain, \1, 

433-1 
cone of gears, double, VI, 431-2 
conical pullers, VI, 420-2 
conical rollers inside f rictional wheels, VI, 

425-2 
cylindrical friction wheel, VI, 421-4 
differential gear mechanism, VI, 423-2 
double-cone friction wheel, VT, 421-5 
double cone with band contact, VI, 422-j 
double gear cone, VI, 434-5 
early devices, VI, 419-2 
electrical, VI, 435-1 
epicyclic gearing, VI, 433-5 
expanding puUey, VI, 426-5 
frictional gearing, VI, 423-1 
friction disks, VI, 420-2 
gear and dutch, VI, 431-5 



Variable-speed mechanisms, geared, VI, 

430-^ 
hollow cone and friction wheel, VI, 

424-2 
"jack-in-the-box," VI, 423-^ 
magnetic frictional gearing, VI, 426-2 
oscillating grip ring, VI, 429-4 
parallel cones and friction wheels, VI, 

424-4 
planetary gearing, VI, 433-5 
pole lathe, VI, 4x9-1 
ratchet transmission, VI, 428-5 
sdective transmission, VI, 433-2 
Sellers, VI, 420-4 
sliding gears, VI, 430-5 
straight and curved cones, VI, 422-4 
toggle and friction ratchet, VI, 429-2 
tumbler gear and cone, VI, 432-1 
Variations in alternators and prime movers, 

V, S30-4 
Varnish, VI, 436-2 
brushes, IV, 539-r 
electric insulating, IV, 67-2 
electric insulating, effect of temperature, 

IV. 6X.5 
for cartridge cases, VI, 436-2 
for lacquering brass, 1, 490-2 
lacquer, IV, 157-5 
pattern, IV, 538-4 
pots. IV, 538-4 
"resist" for etching. III, 70-4 
testing, VI, 436-5 
Varnished materials, insulating value, IV, 

6x-5 
Vanishing, blueprints, 1, 392-4 
core prints, IV, 550-1 
for color effect, 11, 168-2 

japanning, IV, 94-2 
patterns, IV, 549-4 
Varying-speed motors, V, 532-2 
Vaseline, lubricant for metal spliming, V, 
460-2 

lubricating, properties of, IV, 245-5 
Vaudain twist drills, II, 471-5 
Vector diagram, A. C., II, 536-5 
Vector relations, A. C, II, 537-4 
Veeder automatic die-casting machine, II, 

328-1; 329-4 
Vegetable oUs, IV, 244-2 

viscosity, IV, 248-1 
Vehicle batteries, dectric, I, 256-5 
Velocity, VI. 436-5 

absolute, I, 6-5 

angular, I, 99-2 

angular, dectrical, V, 528-4 

angular, symbol, V, 529-4 

effect on strength of gears, V, 5x0-2 

of fluids, measuring, Pitot tube, V, 91-5 

of rotation, symbol, V, 529-4 

of steam in pipes, V, 57-4 

pressure, I, 385-2 

ratio variation, universal joint, VI, 375-4 

rehitive, VI, 436-5 
Vdox photograph, V, x8-4 
Venetian red, II, 216-r 

marking for scraping, V, 3x9-4 
Ventilated electrical machine, V, 532-5 
Ventilated wire resistor, V, 264-4 
Ventilation, fans for. III, X02-2 

in transformer operation, III, 9-4 

of A. C. generator. III, 391-5 

of hydraulic power plant, V, 145-2 

of steam power plants, V, X31-2 

pressures required for, III, X07-1 
Venting cores, 11, 2x0-4 
Venting die-casting dies, 11, 336-5 
Venting molds, IV, 4x3-5 
Venturi meter, VI, 436-4 

for testing air compressors, I, 50-4 
Vent wires, molders', IV, 4x2-5 
Vermillion, II, 216-1 



Vermont marble for switchboards, VI, 142-j 
Vemaz file, HI, 122-5 
Vender, VI, 132-1 
caKper, VI, 437-1 
caliper, gear-tooth, m, 323-2 
caliper, metric, VI, 438-2 
height gage and plug locating method, IV, 

220-2 
plate, transit, VI, 131-4 
prindple of, VI, 437-2 
reading, VI, 438-1 
readmg protractor, V, 178-4 
retrograde, V, 265-1 
scale, VI, 437-r 
scale, micrometer, IV, 359-4 
Vertex distance, bevd gearing, 1, 353-j 
Vertex of angle, IV, 336-5 
Vertical boring mill, 1, 469-2 
driving gears, V, 431-4 
multiple turning tools, VI, 349-4 . 
parts, aligning, I, X45-2 
reamer holder, V, 239-5 
Vertical cylinder boring machine, feed 

mechanism, V, 429-4 
Vertical milling machine, IV, 393-5 
combmation horizontaX IV, 395-j 
designating size, IV, 284-4 
driving mechanism, V, 425-5; 427-5 
feed mechanism, V, 426-2; 428-2 
non-adjustable driving gears, V, 429-j 
Vertical shaper, V. 351-4 
Vertical-spindle horizontal milling machine, 

IV, 394-* 
Vertical-spindle milling attachment, IV, 

387-/ 
Vertical spmdlte, lubrication of, I, 29X-2 
Vertical surfaces, planing, V, xx2-2 
Vertical turret lathe. I, 470-5; VI, 350-5 
convex turning, V, 450-4 
multiple-spindle, I, x88-2 
multiple tool for, VI, 348-5 
work done in, 1, 475-1 
Vibrating-reed frequency meters. III, 22-5 
Vibrating riveter, rotary, V, 268-5 
Vibration, induction motors. Ill, 8-4 
influence on pyrometers, V, 224-2 
m pipe lines, V, 58-2 
Vibrator in foundries, I. 496-1 
Victor high-pressure turbine, VI, 448-x 
Vilter dashpots. VI, x8-5 
Vinegar, spedfic gravity, V, 398-4 
Violet colors on brass, II, i66-r 
Virgin copper, II, 204-5 
Virgin lead, IV, X94-2 
Virtual value, V, 528-4 
Viscometers, IV, 248-2 
Viscosity of oil, IV, 245-1; 248-j; 248-5 
Viscosity pyrometers, characteristics, V, 

219-1 
Viae, VI, 438-5 
clunps, designating size, IV, 286-5 
designating size, IV, 286-2 
drilling, VI, 440-2 
forge shop, HI, 185-4 
"hold-downs" for, V, 1x7-2 
jaws, percentage of carbon in, I, 557-4 
machinist's, VI, 438-4 
milling machine, VI, 440-1 
pipe, VI, 439-5 
quick-acting, VI, 439-2 
self-adjusting. VI, 438-4 
universal ball, VI. 439-5 
used as fixture. IV, 137-2 
Vis-viva, VI, 440-4 
Vitreous enamels, electric insulating, IV, 

68-J 
Vitrified grinding whed. III, 471-4 
molding, III, 472-2 
process for making, m, 472-j 
Vitriol, oil of, I, 24-2 
pickling bath, V, 20-4 
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Vixen file, m, laj-j 

Volatile matter in coal, m, ax8-j 

Volt, VI, 441-' 

ampere, see "Volt ampere" 

boxes, III, 26-1 

meter, see ''Voltmeter" 
Voltage, A. C. generator, m, 395-2 

arc welding, VI, 499-4 

changes, induction motor, IV, 468-2 

oonducton for known, VI, 31 2-1 

converters, n, X93-J 

D. C. generator. III, 403-j 

disruptive critical, n, 213-j 

drop, conductors, VI, 312-4 

economical, VI, 305-4 

effective, A. C, II, 538-1 

induced by A. C., n, 537-r 

low, synchronous motors, m, 6-2 

measuring, by electrostatic effect, m, 
20-4 

measuring, by magnetic effect, m, 20-2 

measuring, by thermal effect. III, 20-j 

measuring instruments, III, 19-3 

puncture, transformer, HE, 10-4 

rated, primary, of transformer, V, 533-' 

ratio, transformer, V, 533-1 

regulation, defective, in alternators, III, 

regulation for given energy loss, VI, 314-4 

regulators, V, 533-' 

regulators, automatic, m, 5-j; 73-2 

regulators, used in connection with ex- 
citers, in, 73-2 

symbol, V, 529-3 

three-i>hase transmission, VI, 313-4 

variation of converter, 11, 192-4 

welding, VI, 494-1 
Voltaic battery, I, 249-j 
Voltaic cells, 11, 535-j 
Voltameter, HI, 15-5 
Volt-ampere, V, 530-1 

in^cator, reactive, m, 22-2; VI, 148-2 

reactive, V, 529-2 
Volta's pile, I, 248-4 
Voltex welding process, VI, 484-' 
Voltmeter, m, 19-j 

A. C, for switchboards, VI, 147-J 

compensator, line drop, V, 533-J 

crest, V, 533-2 

curve-drawing, A. C, VI, 147-4 

curve<drawing, D. C, VI, 147-' 

D. C, for switchboards, VI, 146-4 

dynamometer, m, 20-2 

electrostatic, HI, 20-4 

induction type, HE, 20-j 

milli-, in pyrometers, V, 221-j 

moving-coil permanent-magnet, m, 20-2 

moving-iron, m, 20-2 

moving-needle. III, 20-2 

resistance, m, 20-j 

switches, VI, 165-3 
Volume, geometrical bodies, IV, 341-j 

of air, relation to pressure and power, m, 
104-J 

of fuels, n, 145-4; V, 4ox-r 

of pound of air, VI, 464-4 

of pound of water, VI, 464-4 

of solids, Pappus or Guldinus rules, IV, 
346-1 

of water at different temperatures, VI, 
444-2 

pressure and temperature of air, relation 
between, I, 30-j 
Volumetric expansion, m, 542-2 
Volute pumps, V, 202-j 
V-thread, VI, 266-2 

chasers for, 11, 82-5 

compared with U. S. thread, VI, 267-j 

cutting, VI, 237-2 

flats on, VI, 266-4 

for staybolts, V, 544-4 
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V-thread, measuring by one-wire system, 
VI, 252-2 

measuring by three-wire system, VI, 
25Z-1 

tap drills, VI, 200-4; 201-j 

tool, VI, 237-2; 238-j; 281- J 
Vulcanite grinding wheel, HI, 471-4 

process for making, m, 473-4 
Vulcanite, indicating on drawings, n, 427-4 
Vulcanised fiber, m, iio-i; IV, 66-4 
Vulcanised rubber patterns, IV, 550-2 

▼▼age earners in machine trade, IV, 270-2 
Wages in various countries, VI, 442-j 
Wage oystems, VI, 441-2 

bonus, I, 456-5 

Gantt bonus, IV, 314-x 
Walking crane, n, 233- 1 
Wall bracket, m, 512-2 

for electric motors, IV, 455-2 
Wall crane, II, 233-4 
Walloon process, VI, 442-4 
Wall radial drilling madiine, II, 458-4 
Walls, for forge shops, m, 180-j 

for furnaces, m, 233-2 

for storage bins, VI, 92-5 
Walnut, specific gravity, V, 399- 1 

weight per cubic foot, V, 399-1 
Walrus polishing wheels, V, 124-2 
Walschaerts valve-gear, VI, 409-r 

inside-admission, VI, 410-r 

inside-admission, setting, VI, 413-4 

outside-admission, VI, 409-4 

outside-admiasion, setting, VI, 410-3 

setting, VI, 410-1 
Waltham watch screw thrrads, VI, 274-2 
Wanner pyrometer, V, 2x8-1 
Warding files, m, IX7-J 

application, III, 133-2 
Ward-Leonard system of control, IV, 437-4 
Warehouses, lighting required, II, 554-2 
Warping of wood, IV, 536-J 
Warren girder, 11, 258-4 
Warren universal joint, VI, 377-j 
Warrington wire rope, VI, 521-1 
Washburn (Worcester) drill grinding nuu> 

chine, II, 434-4 
Washburn k Moen gage, VI, 507- j 

Uble, VI, 508-1 
Washed metal, IV, 356-4 
Washers, VI, 443-1 

cutters for, designating size, IV, 286-j 

dies for blanking and piercing, U, s4S< 

lubrication of, I, 291-1 
Washing iron ore, IV, 86-2 
Washita oilstones, IV, 504-J 
Wash-out holes for boilers, 1, 445-5 
Wash-out taps, VI, 443-2 

designating size, IV, 286-j 
Washroom, in forge shops, m, x86-2 
Waste, cotton, disposal of, in factories, III, 

143-' 
separating from oil, IV, 503-5 
spontaneous combustion, V, 480-1 
Waste delivery pipe, pump, V, 191-1 
Waste heat, utilization of, in furnaces, m, 

339-5 
Watch and dock makers power press, V, 

151-5 
Watch mechanism, Geneva stop, m, 406-2 
Watch screw threads, VI, 274-2 

Swiss, VI, 270-2 

Whitworth, VI, 275-r 
Water, VI, 443-5 

absorption of gases in, m, 307-2 

and steam space, proportion oif, in boilers, 
I, 424-r 

annealing, I, 99-2; 101-2 

boOer feed, I, 396-5 

brakes (dynamometer), II, 516-J 



Water, circulation of, hitercoolers. IV, 68-4 
coating for wire drawing, VI, 5x4-2 
coefficient of heat radiation, m, 542-2 
composition, I, 396-5 
cooled electrical machine, V, 533-5 
cooled transformer, VI, 307-1 
coolers for blast furnace, 1. 378-4 
cooling of Diesel engine, 11, 376-4 
cooling systems for gas and oil engines, 

m, 299-r 
cutting lubricant, effect of, V. 436-4 
cylinders, pump, relation to steam cyl- 
inders, V, 194-5 
decomposing, for producing oxygen, IV, 

S09-4 
effect on fuel oO, n, 373-1 
entropy of. III, 63-5 
evaporation equivalents, V. x29-j 
flow of, in pipes, VI, 443-5 
flow of, measuring by miner's inch, IV, 

409-5 
foot of, equivalents, VI, 464-4 
for concrete, II, X72-5 
glass as bond for grinding wheels, m. 

473-r 
glass as cement for high temperatures. 

m, X38-5 
glasses for boilers, I. 446-4 
hammer, preventing, in pumps, V, X89-4 
hardness of, I. 399-2 
head of, VI, 443-5 
head of, and corresponding power, VI, 

444-5 
bead of. horsepower due to. VI, 445-7 
height of column, compared with other 

methods of measuring pressure, V, 

164-5 
in fuel oil, effect of. III. 220-r 
joints, pitch of bolts, V, 44-4 
latent heat, IV, 169-7 
measuring flow of, in stream. VI, 445-2 
nozzles, shape and action of. Ill, 454-2 
pipe, hot, heat insulating, HI, 542-5 
pipe, lead, V. 26-5 
piping, circulating. V, X40-5 
piping. Converse lock-joint, V, 49-4 
piping, Matheson pipe joint. V, 50-r 
pockets in steam mains, V. 68-4 
pressure and flow, VI, 443-5 
pumps for, V, X83-4 
pumps, maximum lift, V, x84-2 
pure, boiling pomt, I, 448-4 
purification of boiler feeid, I, 400-5 
rate, steam engines, VI, 27-5 
rheostat, n, 534-2 
salt, action on metals, VI, 58-5 
sea, boiling point, I, 448-4 
seal of gas producer, HI, 3x0-1; 3x6-5 
sea, specific gravity, V, 398-4 
slugs in piping, V, 67-2 
softening plants, I, 406-r 
q>edfic gravity, V, 39S-4 
specific heat. V, 401-4 
supply for forge shops, m. X84-4 
temperature, effect on lift in pumps, V, 

184-4 

testing, boiler feed, I, 399-2 

turbines, see "Water wheeb and tur- 
bines" 

vapor, specific gravity. V, 399-2 

volume of, at different temperatures, VI, 

444-^ 

volume of one pound, VI, 464-4 

weight of cubic foot, VI, 444-1 

weight of gallon. VI, 464-4 
Water-paQ forge, VI, 485-2 
Waterproof cements, II, 36-4 
Waterproof granolithic floors. III, X58-5 
Waterproofing blueprints, I, 394-2 
Waterproofing concrete, 11. X73-2 
Water-to-carbide acetylene generator, 1, 91-5 
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Water-tougheniiig manganeae ated, IV, 

323-1 
Water-treating fliystem, continuous, I, 407-x 

intermittent, I, 407-j 
Water-tube boQers, 1. 414-2; 4x6-4 

in power plant, V, 133-4 

types of, I, 416-4 
Water-wheels and tnrbiaes* VI, 444-2 

breast type, VI, 446-4 

classification, VI, 446-2 

construction, details of, VI, 451-4 

current and gravity type, VI, 446-j 

efficiency, VI, 457-r 

Fitz, VI, 452-2 

Foumeyron, VI, 44S-2 

Frands, VI, 449-1 

Girard, VI, 447-j 

governors, VI, 453-j 

head and power of water, VI, 444-5 

head gate apparatus, VI, 454-2 

horsepower due to given head, VI, 445-1 

impulse, VI, 447-2 

impulse, construction, VI, 452-2 

installation, VI, 454-2 

Jouval, VI, 449-1 

life of, n, 305-j 

number and size, in power plants, V, 

14S-Z 

overshot, VI, 447-2; 452-2 

Pelton, VI, 447-3 

Poncelet, VI, 446-4 

reaction, VI, 448-r 

reaction, parts of, VI, 453-r 

runner, VI, 449-2. 

runner, classification, VI, 450-1 

runner design, VI, 450- 1 

runner diameter, VI, 450-j 

runner, mixed flow, VI, 449-4 

runner tables, VI, 450-4 

Scotch mill, VI, 44S-1 

speed limit, VI, 450-5 

testmg, VI, 455-2 

types of, for hydroelectric stations, V, 
143-4 

undershot, VI, 446-j 

weir table, VI, 445-4 
Water Works Assodatioii pipe, V, 24-2 
Watt, VI. 458-j 

equivalents, V, 129-2 

hour, see "Watt-hour" 

meters, see "Wattmeters" 

micrometer gage, IV, 363-2 

second, equivalent in heat units, I, 506-4 
Watt-hour, II, 534-4 

meter, m, 24-j; VI, 149-1 

meter housing, VI, 120-r 
Wattless component, V, 529-2 

indicator. III, 22-2 
Wattmeters, m, 21-j 

dynamometer, m, 21-j 

indicating, for switchboards, VI, 147-4 

induction type, m, 21-4 
Wave>form, electrical, V, 528-4 
Wave-shape, electrical, V, 528-4 
Wave, sine, II, 536-2 

equivalent sine, V, 529-1 
Wave winding, D. C. motor, IV, 475-2 
Wax, as a lubricant for spinning, V, 460-2 

fillets, pattern, IV, 537-4 

gum in pattemmaking, IV, 538-j 

holding work in planer, V, 11 7-4 

impressions, VI, 458-2 

paraffin, IV, 244-5 

"resist" for etching, m, 70-4 
Ways, protection of planer, V, 109-2 
Wear, of alloy steels, I, 76-2 

of boll bearings, I, 2x0-2 

of cutting tools, V, 435-4 

of manganese steel, IV, 321-1 

of spiral-type bevel gears, I, 368-1 

of steel, relation to hardness, m, 530-2 



Weather, effect on belting, 1, 338-4 

effect on concrete, m, 206-2 
Web girders, n, 258-2 

design, II, 259-j 

general dimensions, II, 260-4 
Web of twist drills, micrometer for measur- 
ing, n, 466-5 

thickness of, n, 466-2 
Wedge, VI, 458-2 

binding, in jigs, IV, 123-4 

brick, ni, X4X-I 

center of gravity, m, 43X-1 

clamping devices, n, X27-J 

clamping, for jigs, IV, X07-2 

in mechanics, IV, 46-4 

locomotive, assembling with shoes, I, 
148-2 

mensuration, IV, 342-5 

spherical, IV, 344-5 
Wedgwood pyrometer, V, 2x9-5 
Weighing, VI, 458-5 

coal in steam plant, V, 133-J 

gold and silver, VI, 464-5 

material, in stock-keeping, VI, 75-4 

precision, VI, 463-5 

scales, see "Weighing-scales" 
Weigfaing-ecalee, VI, 458-5 

counterpoise weights, errors in, VI, 462-5 

inaccuracies, VI, 458-5 

inspection ^stem, VI, 462-4 

knife-edge bearings, IV, 154-4 

platform, VI, 458-4 

I^tform, construction, VI, 459-/ 

platform, detailed tests, VI, 462-2 

platform, inspection, VI, 46X-4 

platform, lever arrangement, IV, 202-5 

precision balance, VI, 458-4 

sensibility, VI, 460-j 

sensibility and accuracy, distinction, VI, 
460-2 

sensitiveness, VI, 460-4 

testing, VI, 461-/ . 

test weights, VI, 46X-5 

tolerances, V^ 461-2 

types, VI, 458-4 
Weight (see also "Weights and measures") 

accumulator, I, 17-4 

apothecaries', VI, 464-5 

arm, IV, 201-2 

atomic, 11, 93-5 

atomic, International, II, 94-j 

avoirdupois, VI, 464-5 

counterpoise, errors in, VI, 461-5 

metric, VI, 465-2 

metric conversion, VI, 465-4 

molecular, n, 93-5; IV, 428-4 

of air, I, 27-4 

of casting from pattern, IV, 550-4 

of cubic foot of air, VI, 464-4 

of cubic foot of water, VI, 464-4 

of fuels, n, 145-4; V, 401-1 

of gallon of water, VI, 464-4 

of gears, formula, V, 5x1-2 

of I-beams, IV, 45-5 

of leather belting, I, 321-5 

of nuts, I, 454-4 

of pipe per foot, V, 22-4 

of riveted joints, V, 272-2 

of steel plates, VI, 73-2 

of structural angles, I, 95-r 

of structural channels, II, 8x-5 

of tm plate, VI, 290-5 

of wood, V, 40X-1 

of wood, board measure, V, 4ox-r 

of Z-bais, VI, 563-5 

test, for weighing scale, VI, 46X-5 

Troy, VI, 464-5 
Weight-case accumulator, I, X4-2 
Weights and meaeores, VI, 463-2 

apothecaries' fluid, VI, 464-5 

apothecaries' weight, VI, 464-5 



Weights and measures, avoirdupois, VI» 

464-5 

c^ndty standards, histoiy, VI, 466-4 

commercial, VI, 4614-5 

cubic, VI, 464-r 

dry, VI, 464-2 

electric wires, VI, 464-r 

history of standard, VI, 466-1 

International Bureau o^ V, 541-4; VI. 
468-/ 

length, VI, 463-4 

liquid, VI, 464-2 

liquid, old, VI, 464-2 

metric, IV, 356-4; VI, 465-j 

metric, adoption in U. S., VI, 467-5 

metric and Enc^ish conversion, VI, 465-5 

miscellaneous, VI, 465-z 

miscellaneous factors, VI, 464-4 

nautical, VI, 463-4 

precision measure of capacity, VI, 463-5 

precision weighing, VI, 463-5 

pressure, VI, 464-4 

shipping, VI, 464-1 

square, VI, 464-1 

surveyors', VI, 463-4 

tables of, VI, 463-4 

Troy, VI. 464-5 

weight, first standard ui U. S., VI, 466-5 
Weir method of measuring water flow, VI, 

445-2 
Weir table, VI, 445-4 
Weiss die-casting machine, 11, 316-2 
Welded boiler joints, I, 439-4 
Welded chain, electrically, H, 46-4 
Welded pipe joints, V, 49-4 
Welded pipe, location of weld in bend, Vp 

33-/ 
seamlew, VI, 339-2 
strength, II, 301-r; VI, 333-z 
tests, V, 24-4 

fhirlrw^aa^ VI, 336-J 

Welded tubes, see "Welded pipe" 
Welding, VI, 468-4 
aluminum, I, 87-4 
autogenous (see "Wekiing, autogenoos")* 

VI, 472-2 
butt, VI, 47x-r 
butt, machine, VI, 472-2 
chain, II, 52-2 
dasses of weUs, VI, 468-4 
deft, VI. 471-2 
copper, flux for, I, 457-2 
comer, VI, 471-5 
defective steel castings, VI, 72-/ 
dectric (see "Welding, electric"), VI, 

483-1 
faggot, VI, 47X-4 
fire for. VI, 469-2 
fluxes, ni, 159-5; VI. 469-4 
flux for machine sted, HI, x88-i 
forge for, VI, 469-5 
fuels for, VI, 470-2 
furnaces, HI, 227-4 
gas flame (see "Welding, autogenous"), 

VI. 472-2 
high-speed steel, IV, 5-2 
in forging machines, m, x88-r 
in making crucible steel, n, 273^ 
jump, VI, 470-4 
lap, VI. 470-4 
liq>, machine, VI, 472-x 
lead, IV, 195-2 
machine wdding, VI, 472-j 
oxy-acetylene (see /< Wdding; antofe- 

nous"), VI, 472-2 
oxy-hydrogen, VI, 475-2 
pin, VI. 472-1 
pipe, VI, 331-2 
scarf, VI, 470-2 
shingling, VI, 471-4 
split, VI, 47X-2 
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WddiDg, thermit, VI, so3-2 

tuyere for, VI, 469-j 

welding heat, VI, 469-j 
Welding, autogenoaa (gas flame), 1, 150-5; 
VI, 472-2 

acetylene, VI, 474-4 

aluminum castings, VI, 479-4 

aluminum, sheet, VI, 479-j 

aluminum-zinc alloys, VI, 480- j 

apparatus, VI, 474-4 

applications, VI, 472-j 

beveling work, VI, 475-5 

blow-holes, filling, in brass and oopi>er, VI, 

479-J 
boiler repairs, VI, 477-j 

brass welding, VI, 479-2 

bronze welding, VI, 479-2 

cast iron to steel, VI, 478-x 

cast iron welding, VI, 47&-1 

copper alloys, wdding, VI, 479-r 

copper to steel, VI, 479-1 

copper welding, VI, 478-4 

cylindrical vessels, tops and bottoms, VI, 

480-4 
equipment, VI, 473-4 
galvanized plates, VI, 477-j 
high-speed steel to machine steel, VI, 

477-4 
hydrogen, VI, 475-2 
illuminating gas, VI, 475-2 
lead welding, IV, 195-2 
machine for pipe, VI, 339-2 
malleable iron, welding, VI, 478-4 
metal cutting, VI, 481-2 
oxygen, VI, 474-4 
preheating, VI, 475-4 
preparing work, VI, 475-5 
sheet-metal vessels, VI, 480-4 
sheet steel, welding, VI, 477-2 
spots in welding, VI, 478-1 
steel castings, VI, 477-2 
steel welding, VI, 476-4 
tanks and retorts, VI, 480-4 
tin plate, VI, 477-4 
tool steel, VI, 477-4 
torches (see also "Welding torches 'Of 

VI, 473-1 
tube welding, VI, 338-2 
welding, directions for, VI, 476-2 
welding materials, VI, 476-1 
welding wire for steel, VI, 476-4 
Welding, electric, VI, 483-/ 
arc, VI, 498-2 

arc, apparatus used, VI, 499-2 
arc, Bemardos, VI, 484-5 
arc, character of welds, VI, 501-4 
arc, cost of, VI, 502-1 
arc, operation, VI, 500-2 
arc, protection of operator, VI, 501-1 
arc, Strohmenger-Slaughter, VI, 485-r 
arc, Zerener, VI, 484-1 
butt-welding madiines, VI, 486-2 
butt-welding, preparing work, VI, 488-r 
butt-welding thin stock, VI, 489-4 
clamping jaws, arrangement; VI, 489-r 
clamping jaws, projection of work, VI, 

488-5 
compared with forge welding, VI, 493-2 
cost of machines, VI, 494-5 
cost of operation, VI, 494-2 
current required, VI, 493-4 
dissimilar metals, VI, 491-r 
incandescent, VI, 483-2 
La Grange-Hoho, VI, 485-2 
machines for, VI, 486-2 
metab that can be wekled, VI, 490-5 
percussion welding, VI, 484-1; 496-4 
point welding, VI, 496-2 
projection welding, VI, 496-2 
reliability of welds, VI, 493-2 
resistance, VI, 483-2 



Wekling, electric, resistance, early develop- 
ments, VI, 485-4 

resbtance, machines, VI, 486-r 

resistance, principles, VI, 485-2 

ridge wekling, VI, 496-5 

seam wekling, VI, 496-5 

spot welding, VI, 495-1 

spot-welding machines, VI, 495-4 

^)ot welding, time^md current, VI, 495-5 

spot-welds, strength, VI, 496-1 

strength of welds, VI, 493-1; 496-r 

systems, VI, 483-1 

Thomson process, VI, 232-4; 483-2 

time required, VI, 493-5 

tubing, VI, 488-2 

T-wekimg, VI, 489-4 
Welding torches, VI, 473-1 

adjustment, VI, 476-5 

for lead burning, IV, 198-1 

manipulating in aluminum welding, VI, 
480-2 
Weld iron, VI, 503-4 
Weldless chain, II, 45-2 

making, II, 49-4 

strength, II, 50-4 
Weld steel, VI, 63-5 
Wells metal protecting process, I, 244-5 
Welsh method of smelting copper, II, 204-4 
Western spelter, VI, 566-2 
Westmghouse-Parsons steam turbine, VI, 

S4-3 
Weston brake, I, 484-5 
Weston clutch, II, 135-2 

disk dutch, n, 134-x 
Weston linen ledger paper, II, 421-4 
Weston meter, 1, 91-2 
Weston standard cell, I, 253-1 
West Virghiia, iron and steel industries. IV, 

84-2 
Wet-air pumps, I, 52-2 
Wet and dry internal grinding compared, 

III, 460-r 
Wet-compression of air, I, 33-4 
Wet copper refining method, II, 206-5 
Wet cylinder grinding, II, 299-r 
Wet galvanizing, III, 46-5 
Wet grinder for forge shops. III, i86-r 
Wet Upping, IV, 167-4 
Wet steam, I, 420-j 
Whale oil, specific gravity, V, 398-4 
Whatman drawing paper, II, 420-4 
Wheatstone bridge, II, 534-r; III, 25-2 
Wheel-and-axle, VI, 503-4 
Wheel boxes, locomotive driving-, IV, 330-4 
Wheel-centers, locomotive, IV, 228-4 

shrinking tires on, IV, 229-4 
Wheel chuck for bench lathe, 1, 343-r 
Wheel dressers. III, 479-4 

accidents, V, 306-r 
Wheel hithe, IV, 170-5; 179-J 

designating size, IV, 284-a 

horsepower, IV, 452-5 

motor drive, IV, 450*2 

use of, IV, 228-2 
Wheel presses, IV, 35-r 

designating size, IV, 285-5 

horsepower, IV, 452-4 
Wheels, car, chilled cast-iron, II, 98-5 

car, chrome-vanadium steel, VI, 418-1 

car, composition of iron for, II, 99-2 

Dutch, VI, 505-7 

for overhead crane, II, 346-4; 253-5 

for overhead crane, friction of, II, 245-2 

friction, for power transmission. III, 
2 17- J 

grinding, see "Wheels, grinding" 

locomotive driving, boring in quartering 
machine, V, 226-4 

locomotive driving, turning, IV, 228-2 

polishing, see "Wheels, polishing" 

truck, shop, VI, 330-4 



Wheels, grinding, m, 471-2 

abrasives. III, 471-5 

accidents, V. 304-r: 305-r 

bonding pixxxsses. III, 471-4 

bushing. III, 476-2 

celluloid process. Ill, 474-5 

combination. III. 475-r 

designating size, IV, 285-4 

dressers, HI. 479-4; V, 306-1 

dressing for forming tools, III, 198-r 

elastic m, 473-5 

exhaust systems for. m, 75-j 

flanges for mounting, III, 475-4 

for aluminum. III, 485-5 

for ball-races, I. 243-2 

for brass, m. 485-5 

for bronze. III. 485-5 

for cam grinding, I, 549-5 

for cast iron. III, 485-5 

for crankshaft grinding. 11. 267-5 

for curved surfaces, m, 198-2 

for cutters, II. 386-5 

for cylinder grinding, II, 296-5 

for cyliodrical grinding, IIL 485-5 

for cylindrical grinding, width of. III. 
450-2 

for different materials, HI, 469-1; 470-j 

for form grinding. Ill, 486-r 

for forming tools, III, 195-2 

for internal grinding, III, 486-/ 

for jig bushings, IV, xoo-r 

for nickd-bronze. III, 485-4 

for rubber, V, 300-j 

for snagging castings, V, 385-4 

for surface grinding, III, 486-4 

glazed. Ill, 478-4 

grade and gram. III, 475-'; 485-2 

grading systems, III, 474-r 

hard. Ill, 475-r 

hoods or guards, V, 304-5 

internal, width of. III, 459-2 

loaded. III. 478-4 

mounting. Ill, 475-5; V, 304.4 

oil process. III, 474-4 

protection flanges, III, 475-4; 481-4 

protectbn hoods. Ill, 480-2; 482-/ 

safeguards for, 1, 10-4; V, 303-2 

safety code, III, 481-2 

safety requirements, m, 482-2 

selection. III. 484-2 

selection, general requirements. III. 487-r 

shapes. Ill, 478-r 

silicate process, III, 473-r 

soft. III. 475-' 

speeds. III. 468-r; 477-r 

speeds, cylindrical grinding. III. 468-/ 

speeds for jig bushings, IV, 100-2 

speeds, form grinding, III, 471-2 

speeds, internal grinding, III. 469-4 

speeds, surface grinding. III, 470-4 

spindles for. III, 483-1 

spindles, internal grinding, m, 438-4 

truing. III. 479-' 

truing device for pulley crown, V. t8i -i 

truing, for cylinder grinding. II, 298-5 

truing for multiple diameter grinding, 
in, 455-4 

truing mechanism for gear tooth grinding, 
m, 384-1 

truing, setting diamonds for, II, 3 1 1 -r 

vitrified process, III. 472-1" 

vulcanite process, ni, 473-4 
Wheelt, polishing, V, 124-/ 

application of abrasive, V, 124-4 

glue for, V, 134-^ 

greased, V. 135-2 

speed, V, 135-4 

use of different, V. 125-4 
Wheel-tires, locomotive, W. 328-? 
Wheel-tummg lathe (see also "Wheel 
lathe"). IV. i79-» 
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White brass, I, 39S-2 

Panons, 1, 494-1 
White bronse, VI, 567-/ 
White cast iron, n, $2-3; IV, 83-4 

used to prevent growth, II, $4-4 
White coatings on brass, II, i65-;i 
White <:»loring composition, V, 125-5 
White copper, III, 412-2 

Chinese, 11, 103-5 
White diamond composition, V, 125-j 
White-heart malleable iron, welding, VL 

478-4 
White iron, IV, 81-4 
White lead, II, 216-1 
as coating for babbitting mandrels, I, 

as lathe center lubricant, IV, 251-2 

fxocesses for making, II, 2x6-1; 216-2 
White metal, I, 66-2; VI, 504- j 

babbitt, 1, 198-jr 

bearing metal, composition, I, 71-4; 298-2 

burnishing, I, 523-j 

composition, I, 66-2 

copper, n, 305-J 

eflfect of heat-treatment, I, 299-4 

effect of repeated melting, I, 299-4 

etching reagent, IV, 354-J 

for die cawtings, n, 339-5 

Mackenzie metal, IV, 287-1 

Navy spedficationa. 1, 68-1 

patterns, IV, 550-2 
White mica, IV, 63-1 
White oak, holding power of screws, V, 

3aS-5 
holding power of spikes and nails, IV, 

486-j; V, 4S3-I 

specific gravity, V, 399-1 

strength, VI, 97-2 

weight ol cord, V, 401-1 

weight per cubic foot, V, 399-1 

weight per foot, V, 401-2 
White pig iron, IV, 82-4; V, 22-r 
White pine, as fuel, m, 219-2 

for patterns, IV, 536-j 

holding power of spikes and nails in, TV, 
486-5; V, 453-1 

specific gravity, V, 399-r 

strength, VI, 97-2 

weight per cubic foot, V, 399-r 

weight per foot, V, 401-2 
White pots (crucibles), 11, 269-r 
White silver, Chinese, m, 412-2 
White-Souther testing machine, VI, 232-1 
White-wood, for patterns, FV, 536-2 

for polishing wheels, V, 124-1 
White zinc-lead, II, 216-5 
Whiting, n, 214-4 

for laying out, IV, Z90-2 
Whiting cupola furnace, II, 276-2; 281-r 
Whitney chain, joints for, II, 71-2 
Whitney's influence on madune tool devel- 
opment, IV, 282-2 
Whitworth bolts and nuts, 1, 455-J 
Whitworth motion, VI, 504-4 

for crank planer, V, 105-2 

for crank shapers, V, 345-5; 350-5 

for slotter, V, sSi-4 
Whitworth pipe taps, V, $3-4 

gage line, V, 45-4 

threads, VI, 273-r 
Whitworth's machine tool inventiona, IV, 

a8i-j 
Wliitworth thread, VI, 268-r 

advantages, VI, 268-5 

compared with U. S. thread, VI, 268-4 

Cordeaux type, VI, 274-5 

cutting, VI, 240-2 

disadvantages, VI, 268-5 

formula for radius, VI, 268-2 

for staybolts, V, 544-4 

instniment thread, VI, 275-1 



Whitworth thread, measuring by one-wire 
system, VI, 252-2 

mrasuring by three-wire ^rstem, VI, 
S51-2 

pipe thread, VI, 273-1 

Sodety thread, VI, 274-4 

taps with, turning, VI. 203-4 

tools, gage for, VI, 283-5 

tools, making, VI, 281-5 

when standardized, IV, 281-2 
Wick lubrication of bearings, I, 284-4 
Widened planers, V, 104-4 
Wilkinson boring machine, IV, 278-4 
Williamson trade school, VI, 302-2 
Willis skew bevel gears, V, 368-1 
Willow charcoal, n, 216-2 
Wilson process for armor plate, 1, 126-1 
Winchester bushel, VI, 464-2 
Wind-belt, cupola furnace, II, 276-5 
Wind-box, cupola furnace, II, 276-5 
Winding, amortisseur, 1, 91-5 

amortisseur, synduonoua motor, IV. 

460-3; 471-^ 
armature, A. C. generator, m, 392-2 
armature, D. C. generator, m, 401-5 
armature, D. C. motor, IV, 475-2 
armature, D. C. motor, multiple, IV, 

484-2 
armature, D. C. motor, series, IV, 481-4 
armature, aeries and multqile compared, 

IV, 475-5 

fidd, A. C. generator, HI, 393-1 

field, commutator motor, IV, 473-r 

field, D. C. generator, lU, 400-2 

field, synchronous motor, IV, 471-2 

rotary magnetic chucks, IV, 294-2 

spring, V, 480-4; 487-2 
. spring, machines for, V, 487-2 

transformer, V, 532-4 
Windmills, VI, 505-j 

American, VI, 505-2 

for electric plant, VI, 506-4 

Hatliday, VI, 505-2 

Leflel, VI, 505-2 

modem applications, VI, 506-4 

Perry, VI, 505-5 

Perry's experiments, VI, 50S-4 

power, VI, 505-4 

speed and size, VI, 506-2 
Windows, factory buildings. III, 96-1 

forge shops, in, 180-2 
Wind pressure, instrument for measuring, 

1.93-4 

Wingate slide-rule, V, 373-4 

Winged wood-screws, V, 328-4 

Wing-nuts for jigs, IV, 103-5 

\^ng-pump8 for cutting lubricant, IV, 257-2 

Wmg-valves, pump, V, 193-2 

Wiped joint, V, 45-4; 388-5 

Wiping plumber's joint, V, 388-5 

Wiping solder, V, 388-5 

Wire, VI, 506-4; 510-5 
aluminum, conductivity, VI, 510-2 
armor, 1, 126-5 

characteristics for wire forming, VI, 517-2 
conductors, VI, 310-4; 510-2 
conductors, bi-metalUc, VI, 31 1-4 
conductors, sag of, VI, 321-4 
conductors, steel, VI, 312-r 
copper-dad steel, VI, 5x0-5 
copper, effect of drawing. VI, 514-4 
copper, electric conductor, VI, 311-r 
copper, dectrolytic method of producing, 

m, 38-r 
copper, soldering, V, 388-4 
copper, strength, VI, 97-J 
crucible steel, strength, VI, 520-5 
current-canying capadty, V, 143-1 
drawing, see "Wire drawing" 
dectric, measures used for, VI, 464-1 
enamded, IV, 67-5 



Wire, feed, screw machine, VI, 350-4 
feed, turret lathe, VI, 356-4 
flat, drawing, VI, 514-5 
for given energy loss, VI, 314-4 
for magnetic chucks, IV. 299-2 
forming, see "Wire forming" 
for motor-driven machines, VI. 533-^; 

533-3 
gages, see "Wire gages" 
m rolling mill practice. V, 284-2 
iron and sted, conductivity, VI, 5x0-5 
Iron, strength, VI, 97-1; 520-2 
length of, required for wire forming, VIp 

517-* 
measurement, dectric (circular mil), II, 

1 21-5 
mesh guards, V, 302^ 
messenger, IV, 348-r 
mill, brass, I, 498-5 
molding, colors, V, 36-x 
molybdenum steel, IV, 429-2 
music, IV. 485-5 
music, drawing, VI, 512-5 
nails, IV, 486-r 

nails, holding power, IV, 486-5; V, 453-^ 
phoDO-dectric, VI, 510-5 
piano, V, 19-4 

piano, winding springs from, V, 486-r 
platinum, V, 120-1 
platinum, drawing, VI, 510-4 
platinum, mdtmg point, IV, 335-5 
piow-sted, V, 120-2 
plow-sted, strength, VI. 520-5 
resistance (oonstantan), II. 185-1 
resistances of copper, table, IV, 300-r 
resistance, therlo» VI, 232-5 
rod, VI, 519-J 
rod mill, VI, 5<9-J 
rolled plate, VI, 136-1 
rope, see "Wire rope" 
silicon-bronze, V, 366-2 
■ze of, for three-phase transmission, VI, 

S13-4 

dze of, for three-wire system, VI, 251-4 

sizes, electric, II, 533-2 

spokes, swaging, VI, 138-2 

standardization ruin, V, 537-2 

steel, strength, VI, 97-1 

stranded, II, 184-1 

system for measuring threads. VI, 251-1 

testing galvanized, m, 281-4 

twin, n, 184-2 

welding, for sted, VI, 476-4 

wrought iron, tests, VI, 557-2 
Wire-clip hinge bdt joint, I, 324-1 
Wire drawing, VI, 510-5 

aluminum, I, 86-5 

brass and copper, VI, 513-5 

copper wire, effect on, VI. 514-4 

diamond dies, n, 308-4 

dies, percentage of carbon in. 1, 557-4 

draw-plates, VI, 512-5 

fine wire, VI, 513-1 

flat wire, VI, 514-5 

history, VI> 510-4 

Iron and steel, VI, 5x2-1 

lubricants. VI, 512-5 

machines. VI, 511-5 

machines, miiltiple. VI, 5x3-4 

magnalium, IV, 287-4 

preparing stock. VI, 514-2 

principles, VI, 510-4 

redactions, VI, 512-4 
Wire forming, VI, 515-1 

cat-off, VI, 516-2 

eye-pin, making, VI, 518-2 

feed mechanism, VI, 516-2 

form-hoklers^ VI. 516*4 

forming slides, VI, 516-5 

forms. VI, 516-4 

length of wire required, VI, 517-2 
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Wire fonning, links, making, VI, 518-2 

machine, four-slide, VI, 515-2 

machines, types, VI, 5x5-4 

oval coupling, making, VI, 519-2 

setting cams and slides, VI, 517-2 

straighteners, VI, 5x6-1 

strippers, VI, 516-4 

tag-hook, making, VI, 518-4 

tools, VI, Si7'i; 517-4 
Wire gages, VI, 506-4 

American, VI, 507-2 

American Steel & Wire Co., VI, 507-j 

A. W. G., VI, 507-J 

Birmingham, VI, 509-2 

British, I, 506-4 

Brown & Sharpe, VI, 307-2 

Brown & Shaipe, characteristics, VI, 

S12-4 
Clark's, VI, 510-J 
compaiicd with twist drill gage, II, 440-4; 

469-1 
decimal, VI, 508-5 
Edison, II, 526-5; VI, S'to-z 
English legal standard, VI, 5x0-1 
Imperial, VI, 5x0-7 
London, VI, 5x0-1 
metric, VI, 507-2; 5x0-2 
miscellaneous, VI, 5x0-1 
music, table, VI, 509-5 
National Electric Light, VI, 5x0-1 
new British standard, VI, 5x0-1 
old English, VI, 5x0-1 
Paris, VI, 507-2 
Roebling, VI, 507-4 
Standard, I, 506-4 
steel, VI, 507-5 
Stl. W. G., VI, 507-4 
Stubs, VI, 510-J 
Stubs iron wire, VI, 509-2 
Stubs steel wire, table, VI, 508-2 
S. W. G., VI, 507-4 
tables of standaid, VI, 508-1 
Washburn & Moen, VI, 507-5 
Wire rope, VI, 520-2 
aeroplane strand, I, 27-2 
arc-Ught, 1, 124-5 

areas of wires in rope, table, VI, 526-5 
arrangement of ropes, VI, 527-5 
bent over sheaves, VI, 525-5 
cable-laid, I, 525-4 
compared with hemp rope, VI, 520-2 
construction, VI, 520-4 
construction for power transmission, V, 

297-5 
crane, I, xx-4 

definitions of terms, VI, 530-j 
diameter of pullejrs, VI, 527-5 
directions of twist, VI, 523-2 
drums, VI, 531-5 
drum score for, VI, 532-2 
durability, VI, 526-2 
elevator, HI, 49-5 
flat, m, X55-5 
galvanized table, VI, 524-5 
haulage, table, VI, 521-5 
hoisting, for cranes, II, 247-4 
hoisting, table, VI, 522-1; 523-J; 524-2 
horsepower transmitted, V, 297-5; 298-j 
kinds, VI, 52X-1 
Lang's Uy, IV, 158-2 
lubrication, 11, 60-5 , 
materials, VI, 520-2 
messenger, IV, 348-j 
plow-steel, V, X20-2 
power transmission by, V, 297-2; VI, 

530-/ 
power transmission, horsepower, VI, 

S3I-I 
power transmission, pulleys for, VI, 530-1 
protective coating, V, 298-2 
quality of material, VI, 526-5 



Wire rope, safe loads, II, 60-/ 

sash cord, V, 3x2-1 

sockets for, VI, 529-5 

special types, VI, 522-5 

q>Iicing, V, 29X-2 

splicing, allowance for, VI, 529-4 

strength, VI, 524-1 

stresses in, VI, 524-2 
Wire-rope drums, VI, 531-5 
Wire-rope pulleys, VI, 530-j 
Wire-wound flywheels, m, X62-5 
Wirixig, conduit, supporting, VI, 536-4 

diagrams, induction motor, IV, 470-5 

dies, n, 282-2; 369-2 

electric lighting, II, 551-5 

false or imitation, II, 282-2 

frames, U, 282-5 

motor-driven machinery, see "Wiring 
for motor-driven machinery" 

motors, conduit for, VI, 535-1 

motors, wire for, VI, 533-2 

Nemst lamp, IV, 489-1 

power plant, V, 141-4 

presses, U, 282-5; V, X54-X 

apedfications, VI, 532-5 
Wiring for motor-driven machinery, VI, 
532-2 

conduit, VI, 535-1 

conduit fittings, VI, 535-4 

conduit wiring, motors arranged for, VI, 

537-1 

conduit wiring, supporting, VI, 536-4 

controllers, VI, 538-5 

enck)siiig motors, VI, 540-2 

specifications, VI, 532-5 

starters, VI, 538-5 

switches, VI, 537-J 

wire, VI, 533-2 
Wisconsin machine industry, IV, 270-5 
Wobbler, VI, 560-1 
Wohlers' experiments, m, 92-4 
Wohlwell system of pulsating currents for 

gold refining. III, 40-2 
Wood, V, 399-j 

alcohol, see "Wood alcohol" 

asbestos, IV, 65-4 

ashes, heat insulating value, m, 542-4 

board measure for, 1, 395-5 

bronzing, I, 520-1 

charcoal, II, 8x-5 

charcoal for casehardening, II, 5-5 

charcoal, heat insulating value, III, 542-5 

coefficient of friction, m, 215-2; 2x7-5 

coefficient of friction in brakes, 1, 480-5 

cord of, VI, 464-j 

cord, weight of, V, 40X-J 

disks, friction, m, 2x7-2 

dowels for patterns, IV, 538-r 

electrical insulation, IV, 62-5 

factor of safety, VI, 97-4 

file, application, m, X33-4 

fillets, pattern, IV, 537-5 

floors, hardwood. III, 159-1 

floors, machine shop. III, 157-1 

flywheels. III, X62-4 

flywheels, speed of, m, X64-2 

for patterns, IV, 536-1 

fuel, ni, 2x9-2 

fuel economy in gas producers, III, 314-2 

fuel, furnace, m, 231-j 

glue for, m, 419-1 

heat expansion, m, 541-4 

heat insulating value, III, 542-4 

holding power of nails and spikes in, IV, 
486-5; V, 453-1 

holding power of screws in, V, 328-5 

ignition temperature, IV, 45-4 

indicating on drawings, II, 427-4 

life of, due to different treatments, VI, 

318-5 
piping, V, 26-4 



Wood, planers, motor drive, IV, 440-j 
planers speed, V, 444-1 
poles, cost compared with concrete polei^ 

VI, 319-4 

poles for transmission lines, VI, 316-4 

poles, life of untreated, VI, 3x7-2 

poles, preservative treatment, VI, 3x7-5 

polishhig wheels, V, 124-1 

pulleys, V, 180-2 

pulp filler, electrical insulation, IV, 65^2 

reamers for deep-hole drilling, II, 454-2 

rolling friction of, m, 2x4-5 

saws, circular, V, 3x4-4 

screws, V, 328-2 

screws, hokling power, V, 328-5 

screws, types of, V, 328-4 

screw threads, VI, 278-x 

securing to cdluloid, n, 38'2 

shafts, torsional stiffness, V, 333-4 

specific gravity, V, 399-J 

specific heat, V, 401-4 

tap for threading, V, 456-5 

tar, how obtained, II, 81-5 

truck wheels, VI, 331-j 

turning lathe, Blanchard, 1, 376-4 

turning lathe, motor drive, IV, 440-4 

turning tools, VI, 540-4 

untreated, life of, VI, 3x7-2; 3x8-5 

warping and cradung of, IV, 536-5 

weight of, board measure, V, 40X-J 

weight per cubic inch and foot, V, 399-J 
Wood alcohol, boiling point, 1, 448-4 

for cleaning drawings, IV, 125-5 

how obtained, II, 8x-5 

in anti-freezing mixture, m, 299-4 
Wood-carving drills, speed, V, 444- J 
Wood-concrete foundations for drop-ham- 
mer, n, 5XX-2 
Wood-coveied concrete floor. III, X58-4 
Woodruff keys, IV, 146-2 

effect on strength of shaft, IV, 151-4 
WoodworUng, abrasives for (garnet), I, 

guards, V, 303- j 

high-speed steel for, IV, 7-2 

machines, ball bearings for, I, 2x8-4 

machines, electric drive, IV, 439-4; 451-2 

machines, speeds, V, 444-J 

tools, oilstone for sharpening, IV, 505-j 
Wool, heat infnilaring value. III, 542-5 

lead, IV, 198-5 

mineral, IV, 409-5 

rock, IV, 409-5 
Worcester drill grinding machine, n, 434-4 
Worcester trade school, VI, 305-2 
Work, rv, 329-5 

benches, I, 339-5 

diagram, see "Work diagram" 

electrical unit of, IV, 143-4 

heat equivalent o( VI, i-j 

mechanical, aymbol, V, 529-4 

principle of, in mechanics, IV, 331-J 

speeds, see "Work speeds, grinding** 

transforming heat into, VI, x-j 

unit of, n, 534-4; m, 70-5 
Work diagram, air compressors, I, 3x-5 

steam engine, VI, 2-2 

steam engine, construction, VI, 4-5 

steam engine, definitions, VI, 3-5 
Working allowance, IV, 2x0-4 
Working clearance, IV, 2x0-4 
Working i^epth, spur gearing, V, 502-2 

table, V, 504-'; S05-5 
Working hours in machine trade, VI, 54X-J 
Working length standards, V, 543-5 
Working load, definition, VI, 95-4 
Working pressures, fittings, V, 38-5 

valves. V, 38-5 
Working stress, VI, 95-4 

safe, ni, 92-2 
Working tolerance, IV, aio-4 
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Work-shoes for steadyiests for grinding, V, 

5SO-4 
Work speeds, grinding, m, 46^1 

cylindrical, HI, 469-1 

form. III, 471-2 

internal, in, 470-j 

surface, HI, 470-4 
Worm, VI, 541 -4 

alloy for, I, 70-2 

ball bearings for, I, 2x9-2 

bevel gears, 1, 367-2 

cutting, m, 374-2 

cutting in the lathe, ni, 357-2 

cutting on thread milling machine, m, 

374-3 

dimensions, VI, 541-4 

dimensions of thread parts, VI, 544-J 

drive, thrust of, VI, 286-4 

gearing, see "Worm gearing" 

grinder, VI, 552-2 

length of, IV, 25-2 

materials for, VI, 552-1 

phosphor-bronze, V, 12-2 

thread, VI, 277-2 

thread, cutting, VI, 240-j 

thread tool, gage for, VI, 285-j 

thread, wire system for measuring, VI, 
252-4 

trips for machine tools, V, 90-4 

wheels, see "Worm gearing" 

with large helix angle, VI, 544-2 
Worm gearing, VI, 541-2 

alloy for, I, 70-4 

applications, VI, 543-2 

cutting, see "Worm gearing, cutting" 

definitions, VI, 541-4 

design, practical points, VI, 548-j 

dimensions, VI, 541-4; 542-2 

drawings, VI, 545-2 

efficiency, VI, 546-j 

efficiency, theoretical, VI, 550-j 

example of calculation, VI, 543-2 

fly-tool method of cutting, in, 371-4 

formulas, table of, VI, 545-J 

freight elevator, VI, 549-1 

gashing. III, 307-4; 370-/ 

globoid, IV. 8-2 

Hindley, IV, 7-4 

bobbing, in, 30S-1; 370-4 

bobbing, gearing for. III, 371-1 

hobs for, in, 308-1; IV, 22-j 

hobs for, angle of flute in, V, 263-2 

hobs for, relieving, V, 262-4 

hobs for, tapered, m, 373-1 

hobs for, with spiral flutes, relieving, V, 
263-1 

horsepower, VI, 551-4 

load« allowable, VI, 545-2 

lubricant, IV, 251-2 

machines for cutting, see "Worm gearing, 
cutting" 

materials for, VI, 552-r 

rules for calculating, VI, 541-4 

safe load, VI, 546-2 

sell-locking, VI, 548-^ 

speed and efficiency, VI, 546-j 

worms with large helix angle, VI, 544-2 

worm thread parts, table, VI, 544-1 

Worm gearing, cutting, m, 339- J ; 

369-4 
angular position of table for gashing, O, 

330-^ 
fly-tool method, m, 371-4 
gashing, in, 330-2 
bobbing, m, 330-^; 371-' 
bobbing, gearing for, III, 371-1 
machines for, m, 369-4 
millmg, in, 329-5; 370-4 
reducing flats on bobbed teeth, O, 

331-/ 
tapered hob for, m, 373-' 



Worm-wheels (see also "Worm gesring"), 

VI, 542-2 
Worm-wheel sliding change-gear mecha- 
nism, V, 4x1-2 
Worthington steam pump, V, 185-2 
Wrenches, VI, 552-4 

alligator, VI, 554-2 

designating size, IV, 286-2 

monkey, VI, 553-4 

nut, VI, 553-1 

percentage of carbon in, I, 557-4 

pipe, VI, 554-2 

ratchet, VI, 554-4 

socket, VI, 553-2 

spaimer, VI, 553-3 

Stillson, VI, 554-2 

tap, VI, 555-1 
Wright demand indicator, ni, 26- j 
Wright Wire Co. music ?rire gage, VI, 509-j 
Wrinkles in drawn work, n, 406-j 
Wrist-pins, allowable pressures, 1, 3x0-2 

proportioning, VI, 35-4 
Writing for the engineering press, 1, 126-4 
Wrought iron, VI, 555-2 

bars, specifications, I, 438-j 

brief review, IV, 79-4 

chain made from, VI, 557-3 

characteristics, VI, 555-j 

charcoal, IV, 79-4 

coefficient of friction, m, 2x5-2 

coefficient of friction in brakes, I, 480-j 

defects, VI, 557-4 

difference from low-carbon steel, IV, 80-2 

dtstingiiishing from steel, VI, 557-2 

drilling, speed for, V, 440-1 

electrically-welded, VI, 490-j 

etching reagent, IV, 355-3 

factor of safety, VI, 97-4 

flux for welding, VI, 470-r 

for crucible steel, n, 272-2 

for drop forging, n, 476-2 

for electromagnets, IV, 291-j 

for nuichine construction, VI, 99-4 

for nuts, IV, 50X-2 

for rivets, VI, 557-2 

heat expansion, in, 541-j 

indicating on drawings, n, 427-4 

Lancashire process, IV, 158-2 

Lowmoor, IV, 243-4 

lubricants for machining, IV, 253-2 

manufacture (see also " Wrought-iron 
manufactiu^"), VI, 558-2 

melting pomt, IV, 335-3 

pipe, see "Wrought-iron pipe" 

planing speed, V, 437-'? 

planing, tool for, V, 1x3-3 

polishing, V, 1 26-2 

properties, VI, 556-2 

refined, IV, 79-4 

specifications, VI, 557-4 

specific gravity, V, 398-3 

specific heat, V, 401 -j 

spiiming, speed for, V, 453-4 

spinning, tools for, V, 457-4 

strength, VI, 556-2 

strength at different temperatures, VI, 

98-4 
substitute for, VI, 558-2 
testing, VI, 556-4 
tinning, VI, 289-r 
Walloon process, VI, 442-4 
washers, VI, 443-1 
weight per cubic inch, V, 398-3 
welding, ni, 188-j; VI, 471-r 
Wrought-iron manufacture, VI, 558-2 
common wrought iron, VI, 558-2 
double-refined wrought iron, VI, 558-4 
finishing mill, VI, 561-j 
guides, setting, VI, 561-4 
puddle finish rolling, VI, 560-2 
puddle rough rolling, VI, 559-4 



Wrought-iron manufacture, puddling, VI, 

559-^ 
puddling furnace, VI, 559-r 

refined wrought iron, VI, 558-4 

re-heating for final rolling, VI, 560-4 

re-rolling, VI, 560-j 

roUing temperature, VI, 561-3 

squeezer, VI, 559-3 

straightening, VI, 562-x 
Wrought-iron pipe, V, 22-3; 24-2 

compared with steel pipe, VI, 332-4 

expansion, V, 71-3 

for superheated steam, VI, 125-r 

for Van Stone joints, V, 49-2 

physical properties, VI, 338-r 

radii of bends, V, 28-3 

strength, n, 301-j; V, 22-4 

table, V, 25-j 

weight of, V, 22-4 
Wrought manganese-bronze, IV, 319-4 
Wrought steel, VI, 63-3 
Wnest herringbone gears, m, 544-2; 

547-^ 

applications, m, 552-4 

center distances, m, 548-4 

diametral pitch, in, 548-2 

dimensions, m, 549-1 

horsepower transmitted, m, 549-4; 551-r 

interchangeable, m, 547-3 

materials, m, 550-2 

pitch diameters, m, 548-4 

points in design, m, 551-2 

pressure angle, ni, 548-2 

spiral angle, m, 547-4 

strength, m, 549-3 

tooth proportions, m, 548-2 

width of face, ni, 547-4 
Wulfenite, IV, 429-r 
Wye level, VI, 130-3; 562-4 
Wye pipe fitting, V, 45-4 

Jkenon, VI, 562-/ 

melting point, IV, 335-2 
X-rays, VI, 562-r 

I ard, V, 542-/ 

cubic, equivalents, VI, 464-j 

cubic, in metric units, VI, 465-4 

development of standard, V, 540-4 

equivalents, VI, 463-4 

history of, V, 540-j; VI, 467-2 

in meters, VI, 465-3 

relation to meter, V, 542-r 

square, equivalents, VI, 464-z 

standard in U. S., V, 541-3 
Y-connections, VI, 562-4 

induction motor, IV, 464-3 

transformers, VI, 309-4 
Yellow brass, composition, I, 494-4 
Yellow colors on brass, n, 165-j 
Yellow metal, I, 490-2 
Yellow phosphorus, V, 12-3 
Yellow pine, holding power of screws, V, 
328-3 

holding power of spikes and nails in, IV, 
486-3; V, 453-r 

specific gravity, V, 399-r 

strength, VI, 97-2 

weight per cubic foot, V, 399-J 

weight per foot, V, 401-2 
Yield-point, VI, 562-4 

determining, VI, 227-2 
Y-levd, YT, 562-4 
Yorkshire wrought iron, VI, 555-3 
Young's modulus of elasticity, IV, 4x0-3; 

VI, 563-r 
Y, pipe fittings, V, 45-4 
Ytterbium, VI, 563-1 

melting point, IV, 335-2 
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Yttrium, VI, 563-1 
melting point, IV, 335-^ 

jL-han, VI, 563-2 

moment of inertia, I, 269-5 

radius of gyration, I, 369-j 

section modulus, I, 369-j 
Zerener welding process, VI, 484-j 
Zero, absolute, I, 6-3 
Zeuner circles, VI, 379-1 
Zeuner valve diagram, VI, 379-1 

application, VI, 380-1 

construction, VI, 380-2 

summary of principles, VI, 381-2 
Zinc, VI, 563-2 

alloys, see "Zinc alloys" 

annfaling, V, 459-2 

annealing, in metal spinning, V, 460-j 

anodes in batteries, I, 249-4 

arsenic in, VI, 566-j 

Belgian process, VI, 564-j 

blende, VI, 563-4 

raHminm in, VI, 566-I 

carbonate, VI, 563-4 

castings, VI, 567-j 

castings, finishing, VI, 568-j 

castings, weight o^ from patterns, IV, 

5SO-4 
cast, melting point, IV, 335-4 
cement, VI, 568-j 
chloride, see "Zinc chloride" 
chromate, n, 216-2 
classification, VI, 566-2 
coating other metals, see "Zinc coating" 
coefficient of heat transmission. III, 

S42-J 
deposited per ampere-hour, HE, 42-4 
dust, VI, 566-5 
dust for sherardizing, V, 364-j 
effect on phosphor-bronze, V, 500-2 
electrically-welded, VI, 490-4 
flux for soldering, V, 387-4; 391-4 
for eztnisbn, HE, 89-5 
for galvanizing. III, 28o>4 
for metal spinning, V, 460-5 
for sherardizing, V, 364-5 
furnace, VI, 565-2 
gage, VI, 566-5 



Zinc, hardness, HI, 528-1; 538-2 
heat expansion. III, 541-5 
Hoepfner process, IV, 26-j 
impurities in, VI, 565-5 
impurity in copper refining, in, 34-2 
in aluminum castings, I, 87-1 
-iron, VI, 566-2 
iron in, VI, 565-4 
latent heat, IV, 169-1 
lead in, VI, 565-4 
lubricant for, in drawing, 11, 410-4 
melting furnace for, m, 224-5; 225-j 
melting point, IV, 335-2 
ores, VI, 563-4 
oxide, n, 216-5; VI, 563-4 
percentage in manganese-bronze, IV, 

320-j 
pickling bath for electroplating, in, 

43-2 
pipe, VI, 566-5 
plate, weight of, VI, 566-4 
plating, ni, 46-5 
plating, testing, III, 47-1 
powder, VI, 566-5 
precautions in using, VI, 566-4 
refinement, VI, 565-5 
rods, machine for casting, V, 272-4 
rolled, melting point, IV, 335-4 
sheet gage, VI, 566-5 
shrinkage allowance, IV, 540-r 
silicate, VI, 563-4 
smelting, VI, 564-j 

smelting in electric furnace. III, 255-2 
solder for, V, 387-4 
specific gravity, V, 398-4 
specific heat, V, 40X-4 
speed for spinning, V, 453-4 
spelter, V, 444-2 
strength, VI, 97-r 
sulphate, VI, 563-4 
suli^iide, VI, 563-4 
tubes, VI, 566-5 
uses, VI, 566-2 
U. S. Navy, I, 68-2 
weight per cubic inch, V, 398-4 
Zinc alloys, I, 490- 1 
aluminum-copper, I, 70-5 
aluminiun, welding, VI, 480-5 
brass, I, 490-1 



Zinc alloys, bronze. III, 488-5 

r« wrings, VI, 567-5 

copper, for brass foundry, I, 494-2 

copper, melting point, 1, 503-5 

copper, sterro metal, VI, 74-5 

copper-tin, 1, 70-4 

oopper-tin-lcad, I, 71-j 

copper-Un, streiogth, VI, 99-1 

deltarmetal, n, 304-4 

electroplating, m, 48-r 

etching reagent, IV, 355-/ 

for die casting, II, 339-J 

German silver. Ill, 412-j 

latten, IV, 188-5 

manganese, IV, 318-5 

Muntz metal, IV, 485-2 

Tobin bronze, VI, 292-4 
Zinc-and-barium chromate, 11, 216-5 
Zinc chloride, as soldering flux, V, 391-5 

life of wood treated by, VI, 318-5 

melting point. III, 251-4 

preparing, V, 39x-J 

used in tinning, VI, 289-4 
Zinc coating, for covering other metals, Ht, 
280-5 

iron. III, 280-5 

iron and steel, n, 214-1 

iron, testing, III, 281-4 

Lohmannizing, IV, 243-5 

Schoop process, V, 316-2 

sheet steel, V, 361-2 

sherardizing, V, 363-5 
Zinc-iron, VI, 566-2 
Zinc-lead ores, IV, 195-r 
Zinc-lead white, II, 216-5 
Zincode, VI, 568-4 
Zincoid pole, VI, 568-4 
Zincopolar electrode, VI, 568-4 
Zirconia, VI, 56^-4 
Zirconium, VI, 568-4 

melting point, IV, 335-2 
Zisium, VI, 56^-4 
Ziskon, VI, 568-4 
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p VERY encyclopedia may be used for two purposes 
— as a reference work, consulted whenever infor- 
mation on any subject is required at a moment's notice, or 
for systematic study, in which case related articles would 
be read in accordance with an orderly plan, the reader 
thereby covering a complete course on any one topic. 
Machinery's Encyclopedia is no exception to this rule 
for the use of an encyclopedic work. It may be used 
either as a work of reference or as a means of obtaining a 
broad general knowledge of engineering and manufactur- 
ing practice. Its main purpose, and the reason for 
arranging the articles in alphabetical order, is, obviously, 
to make it convenient as a reference work and to replace 
a large library of mechanical books, in which it would be 
difficult to find rapidly the information required; used 
in this manner, these volumes will prove indispensable 
to designers, engineers, foremen, superintendents, and 
trained mechanics. It will be found, however, that this 
Encyclopedia will serve the student in an equally satis- 
factory manner, provided he is aided in properly arrang- 
ing his studies, so as to proceed from the simpler to the 
more difficult subjects essential to a comprehensive 
knowledge of mechanical engineering, in a logical orderly 
maimer and according to a definite plan. This Guide 
TO Systematic Reading has, therefore, been prepared 
especially for the assistance of all those who will use the 
Encyclopedia as a means of self -education rather than 
as a work of reference. It is intended to outline complete 
courses of study that may be covered by reading the 
articles in this work on the important subjects of me- 
chanical engineering. These courses are outlined in such 
a manner that the successive order in which different sub- 
jects are taken up by the student will foUowa definite plan. 
Importance of Definite Plan in Study. — Everyone 
who knows — even in a general way — how machines of 
different classes are designed and constructed realizes 
that a definite order of procedure is essential. In the 
case of a new mechanical development, the designer 
or inventor must first know the requirements. The 
general type of mechanism or machine which will prob- 
ably meet these requirements is first sketched roughly, 
and is then carefully designed; the parts required for the 
approved design are made and assembled, and, finally, 
the finished machine is tested. The entire procedure 
follows a definite plan. When studying the principles 
which are adhered to by the designer or constructor of 



machinery, it is equally important to proceed in an 
orderly and systematic manner. While it may be 
possible to acquire considerable knowledge by hap- 
hazard reading, it is quite obvious that the same infor- 
mation may be obtained with an expenditure of less effort 
and time, if the student takes up different subjects in 
their proper order. In fact, unless a systematic method 
of reading were adopted, it might be almost impossible 
to obtain a clear understanding of many important 
branches of engineering and machine manufacture. 

The courses of reading or study outlined in this Guide, 
therefore, not only contain lists of articles pertaining to 
a general topic, but show the sequence or order in which 
the various articles or subdivisions of a main subject 
should be studied. This Guide also serves another 
important purpose in that it directs the attention of the 
student to many sources of information which might be 
overlooked in a general course of reading, either because 
they are in different parts of the Encyclopedia, or be- 
cause they would not be considered essential by those 
having had little or no experience along mechanical lines. 

Importance of Definite Purpose In Study. — An 
attempt has also been made in this Guide to give the 
inexperienced man a clear understanding of the qualifica- 
tions and requirements in different branches of mechani- 
cal work. A great many men who have not had the 
advantages of technical school training, or even of an 
apprenticeship, are ambitious to secure a better position 
by self-education, but are perplexed to know where to 
begin and what to study. The result is that much 
energy and time are wasted. Frequently, machinists 
take up mechanical drawing with the idea that the 
draftsman has a better job. Perhaps he has, but it is 
also true that a great many machinists who study to 
become draftsmen would ultimately have received 
greater benefit if the same amount of time had been 
devoted to the study of general manufacturing methods 
and shop practice, with a view to become shop foremen 
or superintendents. Many other examples of misguided 
effort, due, usually, to a misapprehension of the condi- 
tions, could be dted to prove that the best opportunity 
is often the one nearest at hand. The machinist or 
machine operator is often allured by the prospect of clean 
work in the drafting-room, but, in many cases, he has 
only a vague idea of what a competent draftsman needs 
to know. 
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Purpose of the Guide. — The editorial department of 
a publication like Machinery receives continiudly many 
requests for information and advice from men engaged 
in various branches of engineering and manufacturing 
work; these letters show that there is great need for 
general advice, even of a very elementary nature. It is 
for this reason that this Guide to Systematic Reading 
includes, in addition to selected lists of articles, such 
general advice as has been considered helpful to many 
who will use this Encyclopedia as a means of self- 
education. While this Guide has been prepared pri- 
marily for the student and men of limited education along 
mechanical lines, it will also prove useful to engineers 
and mechanical executives, because it arranges, in a 
logical order, the varied information on general subjects, 
and enables users of the work to gain a comprehensive 
idea of its scope and of the extent to which they may 
expect to find complete treatises on any one subject in 
which they are interested. 

In using the Encyclopedia for the purpose of study, 
it is strongly reconmiended that in every case the student 
first read the section in the Guide which relates to the 
subject which he intends to study, because this will give 
him a general perspective, and make it possible for him 
to obtain, in his mind, a proper correlation of the different 
subjects comprised in the course. The Guide also 
contains much mechanical information of a general 
nature, which will give the student a better grasp of the 
whole subject. 

Selecting Courses of Study. — Many men who have 
obtained this Encyclopedia especially with the view of 
increasing their knowledge of mechanical subjects gen- 
erally will naturally ask themselves: Which is the best 
course of study? This is a question to which no direct 
answer can be given. Some men should be advised to 
study anything and eveiything that would be useful to 
them in an executive position, while, to many others, 
such advice, if followed, would mean simply disappoint- 
ment and waste of time and effort. Some men do not 
possess the peculiar qualities that would enable them to 
ever rise to high executive positions, but it is safe to say 
that everyone ambitious enough to have acquired a set 
of these volmnes possesses enough ability to become 
proficient in some one branch of mechanical work. Men 
of this type should concentrate all their efforts on the 
study of the kind of work in which they are engaged, or 
for which they feel the greatest inclination. 

The subjects that a man should study must, therefore, 
largely be decided by himself. He should increase his 
knowledge of the work in which he is most interested — 
this will make both his work and study easier. If he is 
interested in drawing and has a natural ability for work- 
ing out ideas or designs of his own, he should study 
drafting, machine design, mathematics, and theoretical 
mechanics, so as to utilize his natural inclinations to the 
best advantage. The young man whose sole interest is 
centered upon the practical operations in the shop would 
benefit more from studies of shop practice and manu- 
facturing methods, because to him the shop, undoubtedly. 



offers the greatest possibilities. If he is familiar with 
shop practice and has acquired a knowledge of the use of 
the various machine tools, made a study of shop systems, 
and, in addition, has a personality which makes him 
capable of handling men, there is no reason why he should 
not rise to be a foreman or superintendent. 

Systematic Study Bxings Best Results. — While it is 
impossible to ^ve an absolute rule which could be 
followed in acquiring a mechanical education, or to say 
which subjects are of the greatest importance to any 
individual, there is one rule that can be given to everyone 
without qualification or limitation, and that is, study 
systematically. While the Encyclopedia will prove of 
the greatest value as a source of reference, particularly 
to men who have acquired a fundamental knowledge of 
mechanical subjects, the student who has no such 
foundation to build upon wlQ obtain the greatest benefit 
from the Encyclopedia if he starts with the funda- 
mental principles as outlined in this Guide, proceeding 
in a systematic manner until he has mastered any one 
subject. By studying in this way, and devoting a 
certain amoimt of time each day or week to this work, 
greater benefit will be obtained from the Encyclopedia 
than if first one article and then another on a different 
subject is read without following a definite plan. This 
method of reading is of value only when the student has 
a sufficiently broad foimdation upon which to buOd, to 
permit him to add to the structure of knowledge in this 
manner. In reading the Encyclopedia, however, on 
certain subjects, the man who is interested in the practi- 
cal applications of certain machines and devices, rather 
than in their design and calculation, may pass by sections 
or paragraphs dealing with formulas or calculations 
only, which would not be useful in his work. Nothing 
would be gained by merely reading such sections without 
understanding them; but this is no modification of the 
rule that every subject should be studied systematically. 
If this general advice is followed, and particularly if a 
point is made of devoting certain hours to study, one 
may, within a comparatively short time, store up a 
considerable amount of general and special knowledge. 
After a whUe, systematic study becomes a habit, the 
mental capacity increases, the ability to grasp and under- 
stand mechanical subjects is developed, and study be- 
comes no longer a tiresome effort. 

Courses in Mechanical Engineering. — The different 
courses outlined in the Guide, taken together, form a 
most complete and practical course in mechanical 
engineering. To study all of these courses, however, 
would be too great a task for most men, and, therefore, 
it seems advisable to outline a few subjects that ought to 
be studied by every student of mechanics, in addition to 
the particular subjects in which he may be most in- 
terested. Every man engaged in mechanical work shotild 
learn the rudiments of mechanical drawing so that he 
can "read" drawings and sketches without difficulty. 
Drawing is a universal language, and the mechanic who 
does not understand the first principles of making 
drawings encounters many difficulties. A sketch tells 
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much that cannot be described in words. It is ahnost 
as impossible for a man engaged in mechanical pursuits to 
succeed, if he does not understand mechanical drawing, 
as it would be if he could not read or write. 

Any man who aspires to become a draftsman or de- 
signer — and a great many young shop men have this 
aspiration — should understand that the practical 
courses in mathematics and elementary theoretical 
mechanics outlined in this Guide are essential, and these 
courses, in connection with a study of the principles of 
machine design, constitute the foundation upon which a 
broad engineering education may be built; but, without 
this foundation, the designer will constantly meet with 
difficulties and find serious limitations in his efforts to 
succeed. 

Elementary and Advanced Subjects Included. — The 
elementary side of mechanics and the broad principles 
which constitute the foimdation for the sdence of en- 
gineering are included in the Encyclopedia, together 
with the more advanced and special subjects, so that a 
man whose education is limited largely to practical 
experience may begin at the beginning and advance until 
he has acquired a general mechanical knowledge. To 
use a mechanical expression, the Encyclopedia is ''self- 
contained," in that many sections or subjects which 
might prove complex and difficult may readily be under- 
stood if the student will first refer to some other section, 
or, perhaps, a series of articles, which explain the rudi- 
ments of that subject. 

Within the six volumes of this Encyclopedia will be 
found a vast number of thorough treatises on almost 
every branch of mechanical work. These treatises or 
articles are like a series of small text-books, which deal 
with each subject separately and include only the most 
essential facts; they are intended primarily to give the 
student of mechanics and engineering a broad general 
knowledge of fundamental principles, and of tested and 
approved practice in the most important divisions of 
the engineering and manufacturing fields. The men 
who design, construct, and operate various classes of 
machinery need information that is fundamental and 
capable of general application. 

As machines, in general, are devices for transmitting 
energy and motion from some source of power to a point 
where that energy and motion can be utilized, men 
seeking a broad mechanical education are interested in 
knowing what materials are used in machine construc- 
tion; how iron and steel are produced from the ore; how 
castings, bars of stock, sheet metals and tubes are made; 
how the proportions of various parts are determined so 
that they will resist all stresses without danger of break- 
age; what tools and machines are adapted for cutting 
and finishing metal parts under different conditions, and 
how they are used; how power for driving machinery is 
generated, and how it is transmitted and controlled; and 
what principles govern the design of gearing and other 
important machine parts. All of these subjects and a 
great variety of others pertaining to the fundamental 
side of mechanics and engineering are dealt with. 



Unit System of Axrangement. — In studying many of 
the subjects included in the Encyclopedia, a guide 
would not be necessary, because all of the information 
may be found in one place, arranged in logical order. In 
a work of this kind, however, it would be impossible to 
deal with every subject in this way without a great deal 
of imnecessary repetition. Many of the larger subjects 
have been divided and subdivided, so that one may refer 
to, or study, the different branches separately. With 
this arrangement, definite information may readily be 
obtained without searching through a mass of text which 
might not be of interest to experienced men who use the 
work largely for reference purposes. For instance, take 
the subject of gearing. Each type of gearing is not only 
dealt with separately, but there are also independent 
articles on gear-cutters, gear-cutting machines, the heat- 
treatment of gears, gear-tooth grinding, and gear-tooth 
chamfering. The definite and important facts relating 
to each subdivision of a general subject are all in one 
place, and it is not necessary to collect them by extensive 
reading and research; that work has been done, so that 
the student, mechanic, or engineer may avoid unneces- 
sary waste of time. 

Theory versus Practice* — Some users of the Ency- 
clopedia, whose work has been largely in the shop, may 
consider these volumes too theoretical, because they 
contain here and there formulas whidi require for their 
use and solution a greater knowledge of mathematics 
than many shop men possess. It may, therefore, be well 
to mention here that throughout the Encyclopedia all 
theoretical discussions that do not have a direct practical 
application have been excluded, and also that a majority 
of the formulas used are so simple that any man who 
knows ordinary arithmetic, and who will devote an hour 
or two to the article on Formulas (Vol. m, p. 201), will 
be able to make use of most of the formulas in the 
Encyclopedia. 

Many mechanics seem to have the idea that theory 
and practice are opposed; they refer to the words 
"theory" and "practice" as if they represented prin- 
ciples that are antagonistic to each other. Some, 
evidently, believe that a dearly defined line may be 
drawn between the territories of theory and practice, and 
the expression "right in theory but wrong in practice" 
is not at all unconmion. This attitude is erroneous. In 
the first place, there is no well-defined line between 
theory and practice, and there are many cases where the 
theory of yesterday is the practice of today. High-speed 
steel was a theory once; no man would call it a mere 
theory today. All great inventions were, at first, a 
theory. Properly defined, theory is simply an analysis 
of the laws which must be followed in practical work, if 
that work is to be correctly carried out; and practice 
simply means the application of theory to the work done. 
Theory is conunon sense logically applied, and practice 
is the use of theory in productive work. In the second 
place, theory and practice never disagree; if they do, 
then either the theory is incorrect, in which case it ceases 
to be acceptable, or the practice is wrong, and it should 



164 



GUIDE TO SYSTEMATIC READING 



be corrected to agree with the theoiy. While it is true 
that theoiy without practice would be useless, so practice 
without theory becomes next to useless, because it im- 
plies only the crudest form of unskilled labor; and, 
without theory, invention and industrial development 
become impossible. Theory and practice belong to- 
gether just as the work of the brain supplements that of 
the hand. No man ever works entirely by his brain, just 
as no man ever works entirely by his hands. Brain and 
hands cooperate constantly, although in different 
degrees; so also do theory and practice, and when the 
theory is correct, the more of it that is used in practical 
work, the better the results, because nothing is more 
practical than correct theory. 

Specializing in Mechanical Work. — Successful spe- 
cialists in mechanical work not only know their own work, 
but have a general knowledge of other branches bordering 
on, or dosely allied to, their own work; in fact, specializa- 
tion usually means the ability to focus on one line of work 
a general fund of knowledge. For instance, the man 
who is an expert in originating mechanical devices has, 
as a rtde, developed his inventive faculties by studying 
the details of various classes of machines and mechanical 
movements. This is also true of the expert tool designer, 
who is an expert because he possesses a broad knowledge 
of general manufacturing requirements. A competent 
machine designer must know not only how to build a 
machine on paper, but must possess a general knowledge 
of machine manufacture. The experienced designer 
must understand the work which is to be done in the 
pattern shop, foundry, machine shop, and tool-room, in 
producing the machine or mechanism he has drawn on 
paper. Machine design involves not merely the design- 
ing of a machine that will perform the necessary work, 
but it is of great importance to so arrange and shape the 
dLOferent parts that the work of manufacture is not only 
practicable, but capable of being done on an efficient 
basis. In conjunction with the different courses of study 
outlined, the attention of the student is, therefore, 
directed to all important subjects which are indirectly 
related to the main subjects. 

Supplementary Studies. — A very broad general me- 
chanical education is obtainable by studying the Ency- 
clopedia systematically. Nevertheless, the student 
might profitably supplement some of the courses out- 
lined in the following pages by reading other books which 
deal specifically with subjects in which he is especially 
interested in greater detail than is possible in a general 
work of this kind. The technical journals will also 
prove valuable as a source of information, espedaily on 
the developments which are constantly made in the 
engineering field. In the Encyclopedia, many mechani- 
cal details subject to constant changes and of relatively 
little importance to a man seeking a general mechanical 



education, are purposdy omitted. This point may be 
illustrated by reference to the subject of machine tools, 
as that class of metal-working machinery is dealt with 
in the Encyclopedia. The various types of marhine- 
tools are described in a general way, and their uses 
explained. There is also a great deal of information 
on the exact method of handling various standard ma- 
chine tools when applied to different classes of work. 
It was not considered advisable, however, to cover, in 
the descriptions of various machines of this dass, all of 
the small details or the exact arrangement of every part. 
Such information, while important to the designer of 
that particidar dass of tools, would soon be out of date. 
The student who desires such detailed information should 
obtain it from technical journals covering the latest 
devdopments in his fidd. 

The Opportunity for Self-education. — The man who 
uses the Encyclopedia for the purpose of study should 
remember that it deals primarily with information that 
is fimdamental and capable of general application in the 
engineering fidd. The machinist, toohnaker, foreman, 
or designer who appredates the present-day require- 
ments in the shop and drafting-room is not content with 
a one-sided experience and a mechanical education 
which is bounded by his own limited observations. He 
knows that it is essential to profit by what others have 
learned. The opportimity for doing so is presented to 
him by the Encyclopedia, which records thousands of 
facts that are essential and of practical value. 

The fact that a yoimg man has had no opportunity to 
acquire a college, or even a good general school, educa- 
tion is not a bar to his success, provided he possesses 
the basic personal qualities of industry and application, 
in which case he can obtain an education by stud}dng in 
his spare time. As a matter of fact, men successful in 
engineering generally acquire a very large share of their 
education in this manner, no matter what their general 
educational opportunities have been. No one engaged 
in mechanical work should feel satisfied until he has 
learned how to derive knowledge from the experiences 
of others, as recorded in books or periodicals, nor should 
he cease to keep himsdf informed about the latest de- 
vdopments in the fidd to which he has devoted his life. 
The man who has formed the habit of study not only 
understands his own line of work, but is able to apply 
himself to a larger field, if this is necessary for his 
future progress, and the best advice that can be given to 
young men who own the Encyclopedia is to sdect some 
one subject in this Guide and begin an orderly and S3^te- 
matic course of study; the subject sdected should be 
one that is simple enough to be readily understood, and 
one which, therefore, will act as the comer stone of a 
foimdation which finally will support the entire educa- 
tional structure. 
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|LI ATHEMATICS may be said to be the foundation 
of all engineering. Without the aid of the processes 
of arithmetic, even the simplest mechanical work could 
hardly be done; and in the design of machinery, and 
still more in the design of great engineering structures, 
calculations of a more or less advanced kind become 
absolutely necessary. An encyclopedia devoted to en- 
gineering work, therefore, must necessarily deal to a 
considerable extent with those mathematical processes 
and methods that are most conunonly used by the 
practical mechanic and engineer. 

Arithmetic. — Just as mathematics is the basic science 
underlying engineering, so arithmetic is the basis of all 
mathematics. It is, however, not the object of the 
Encyclopedia to deal with the simple arithmetical 
processes, because these would naturally be too elemen- 
tary for the class of readers for whom the Encyclopedia 
is intended. There are, however, a number of subjects 
that come within the boundaries of arithmetic that may 
well have a place in any reference work of this kind, and 
for that reason brief articles have been included on such 
subjects as Factors (Vol. Ill, p. 94); Square Root 
(Vol. V, p. 519); Cube Root (Vol. 11, p. 274); Pro- 
portion (Vol. V, p. 177); Alligation (Vol. I, p. 65); 
Percentage (Vol. V, p. 3); Interest (Vol. IV, p. 71); 
Annuities (Vol. I, p. loi); Sinking Funds (Vol. V, 
p. 367); and Arithmetical Progression (Vol. I, p. 
124). To those who use the Encyclopedia as a refer- 
ence work, these articles will be foimd useful, because 
they present each of these subjects in a brief and direct 
manner; to the student, they will be found complete 
enough for a comprehensive conception of the subject, 
provided he has a good knowledge of ordinary simple 
arithmetic. 

Formulas and Diagrams. — With few exceptions, all 
the mathematics included in the Encyclopedia can be 
used by anyone who thoroughly understands arithmetic, 
because, while formulas have been freely used, the 
majority of these formulas should present no difficulty 
to anyone versed in the elementary studies of mathe- 
matics. In order, however, that those who do not fully 
appreciate the simplicity of the use of formulas may be 
able to find in this work the instruction necessary on 
this subject, an article on Formulas, Vol. Ill, p. 201, 
has been included. 

Closely allied to the use of formulas is the use of dia* 
grams. Formulas record a mathematical statement by 
means of symbols or letters, while a diagram records a 
similar relationship graphically, by means of lines. 
Many mechanical men regard diagrams as something 
difficult to understand. This, however, is not the case, 
and, by a careful reading of the article on Diagrams, 
Vol. II, p. 305, those not familiar with their interpre- 



tation will appreciate the great ease with which they can 
be used, and will be able to obtain the fullest value 
from such diagrams as are included in other sections 
of the Encyclopedu. 

In mathematics, a number of abbreviations, signs, and 
symbols are also used, and it is of considerable value to 
the man who reads mechanical literature, and occasion- 
ally meets with formulas, to memorize the commonly used 
signs and abbreviations. For this reason, a very complete 
collection of these has been given in the Encyclopedia 
under the headings Abbreviations (Vol. I, p. i); Signs 
(Vol. V, p. 365); and Symbols (Vol. VI, p. 178). Any 
student of mechanics should carefully commit these to 
memory before going any further in his studies. It will 
facilitate his progress to a considerable extent and make 
it possible for him to grasp immediately the meaning of 
a formula which otherwise would be obscure. 

Advanced Mathematical Course. — The engineer who 
has studied mathematics often finds it necessary, in the 
more advanced branches of the science, to refresh his 
memory in regard to such subjects as logarithms, algebra, 
geometry, or the solution of triangles. In fact, it would 
not be possible for a practical engineer to carry in his 
memory all the different formulas that are required. 
Hence, he will find extended use for a reference work 
which gives briefly the principal formulas and laws 
relating to these branches of mathematics; and the 
articles in this work relating to these sections of mathe- 
matics have been prepared to meet the needs both of the 
technically trained men, who would use the Encyclo- 
pedia for reference, and the student who would use it to 
obtain a working knowledge of mathematics. While it 
is not intended that the Encyclopedia should entirely 
supplant the need of text-books on mathematics, it does 
contain enough information on any one of the more im- 
portant subjects of value to a practical engineer to enable 
him to obtain a working knowledge from the articles 
presented. For this reason, anyone who wishes to ad- 
vance beyond the simpler arithmetical processes may 
profitably study the sections on Logarithms (Vol. IV, 
p. 240) ; Equations (Vol. Ill, p. 67) ; Algebra (Vol. I, 
p. 60); Mensuration (Vol. IV, p. 336); Geometry 
(Vol. Ill, p. 407) ; and Trigonobietry (Vol. VI, p. 324). 

Logarithms. — Logarithms, Vol. IV, p. 240, present 
a means whereby certain arithmetical calculations, 
especially those involving multiplication and division, 
may be carried out much more rapidly than they could 
be by ordinary arithmetic. The methods used are 
simple, but require the use of logarithmic tables. These 
tables are not included in the Encyclopedia, as they do 
not belong in a work of this kind, but they are easily 
obtainable from any publisher of mechanical books. 
The use of logarithms also facilitates, in a great degree, 
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calculations involving interest, annuities, and sinking 
funds; and in machine design the calculations required 
for arranging the speeds and feeds of a machine tool in 
geometrical progression require the use of logarithms. 
An article is also included on Geometbical PROG&ESSiONy 
Vol. ni, p. 406, and the application to practical problems 
is illustrated by examples in the article on Machine 
Tool Dkives, Vol. IV, p. 270. 

Algebra and Equations. — Algebra is a subject which 
makes it possible to easily make calculations in machine 
design which otherwise — by means of arithmetic only 
— would be very lengthy and cumbersome. In algebra, 
letters are used to signify numbers, making it possible to 
carry out many calculations with great rapidity. The 
principal laws and methods of algebraic calculations are 
explained in a simple manner in the article on Algebsa, 
Vol. I, p. 60. Algebra is especially valuable in its appli- 
cation to the solution of equations, by means of which 
problems in machine design, or in any kind of mathe- 
matics, are frequently solved with much greater ease 
than in any other way. Equations may be termed a 
special kind of formulas; they can generally be solved 
without recoiurse to any other mathematical knowledge 
than that of arithmetic, provided a few simple principles 
are understood. These are explained in the section on 
Equations, Vol. DI, p. 67, and, for practical purposes, 
the information there given will be found sufficient. 

Areas and Volumes. — The calculation of areas and 
volumes is generally included, mathematically, imder the 
head mensuration. This part of mathematics deals with 
the finding of the areas of triangles, squares, circles, etc., 
and the volumes of solid bodies, such as cubes, cylinders, 
cones, and spheres, and parts of these solid bodies. In 
the section on Mensuration, Vol. IV, p, 336, in the 
Encyclopedia, a very complete collection of formulas is 
given, covering practically all geometrical surfaces and 
solid bodies that would ever be encountered in engineer- 
ing work. Examples of the use of the formulas given are 
presented in each case, so that there will be no doubt as 
to their application. This section will, therefore, be 
found usefid both for rapid reference and for the purposes 
of study. The mensuration of regular polygons is dealt 
with more completely in the article on Polygons, Vol. V, 
p. 127, and those interested in the study of the complete 
subject should also refer to that article. 

Solntion of Triangles. — Trigonometry, Vol. VI, p. 
324, may be considered as a special subdivision of 
mensuration. This part of mathematics deals particu- 
larly with the solution of triangles — that is, the deter- 
mination of the length of the sides, the angles, and the 
areas of triangles. There is probably no part of mathe- 
matics that is more useful or more frequently required 
in drafting or designing work than this. There is hardly 
a lay-out, either of tools, fixtures, or machine parts, if it 
is at all complicated, that does not reqiiire a calculation 
involving angles and sides of triangles. Every drafts- 
man and designer must be familiar with the use of the 
formulas employed for the solving of triangles, and an 
understanding of the subject is also of great value to 



toolmakers and machinists. The subject is not difficult, 
and can be mastered in a few evenings of study. In 
calculations involving an^es, tables similar to logarithmic 
tables are required. These tables are not included in the 
Encyclopedia, as they are generally provided in books 
used for handy reference convenient to keep on the 
drafting-board or in the tool chest, and can be obtained 
from the publishers of mechanical books. 

Geometry. — Greometiy deals with the relations of 
lines and surfaces, and a conception of the fundamental 
geometrical propositions is very valuable to any mechanic, 
and absolutely necessary to a designer or engineer. In 
the article on Geoicetry, Vol. Ill, p. 407, all the funda- 
mental geometrical propositions are given and also the 
methods used for geometrical drawing. These latter, 
espedaUy, should be familiar to every draftsman. 

There are many still more advanced branches of 
mathematics, knowledge of which may not be considered 
absolutely essential to practical mechanics. Of these, 
analytical geometry, perhaps, is the simplest and most 
useful, and a brief article explaining the fundamental 
principles of this branch of mathematics has been in- 
cluded under the heading Analytical Geometry, Vol. 
I, p. 91; but it is not possible nor desirable to deal 
completely in the Encyclopedia with these more ad- 
vanced branches of mathematics, as the student who 
wishes to pursue mathematics as a science would neces- 
sarily have to be referred to works devoted exclusively 
to mathematics. The Encyclopedia deals primarily 
with branches of mathematics that are of direct practical 
application in the mechanical trades, and, hence, the 
sections on mathematics have been limited to those 
considered directly useful to designers, draftsmen, tool- 
makers, and machinists in the machine-building field. 

The Slide-rule. — In making calculations in the shop 
or drafting-room, the slide-rule makes it possible to save 
a great deal of time. The slide-rule is an instrument by 
means of which calculations involving a great deal of 
multiplication, division, etc., can be readily made by a 
simple setting of a sliding scale in relation to another 
scale. Many drafting-rooms require that every draftsman 
shall possess a slide-rule and know how to use it, and it 
is recognized as one of the most important of the toob of 
the engineer and designer. Even the toolmaker often 
can use the slide-nile to advantage, and shop executives 
— superintendents and foremen — would find that there 
are many calculations where the slide-rule would be very 
convenient to them. The slide-rule is simply a labor- 
saving tool; it performs in a few seconds the work that 
otherwise would take several minutes. It is not possible 
with the slide-rule to obtain absolute accuracy to more 
than three, or at most four figures, but there are many 
calculations in the shop and drafting-room that require 
no greater accuracy than this, and its general use is to 
be strongly reconunended. For checking purposes, 
especially, it is of great value. The article on the Slide- 
rule, Vol. V, p. 373, gives very complete information as 
to its use, showing by engravings the settings required 
for different kinds of arithmetical problems. 
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"T^HE science of mechanics may be divided into two 
distinct parts — theoretical and applied mechanics. 
Theoretical mechanics deals with the fundamental 
principles and laws of the forces of nature; applied 
mechanics deals with the use and application of these 
laws and principles in the design of machinery and 
structures, and in the operation of various forms of 
mechanical apparatus. Every mechanic is familiar with 
the simpler principles of theoretical mechanics, although 
he may not be able to state them in exact words; but 
he knows them instinctively, because he applies them 
daily in his work at the machine or the bench, and his 
success as a mechanic depends largely upon the degree 
to which he recognizes these principles, even if he does 
not understand or formulate them in his mind. When, 
as a designer, he attempts to create in his mind and draw 
on paper mechanical devices, it becomes, however, 
necessary for him to fully imderstand these principles. 
The builder of machines who has a thorough grasp of 
the laws of mechanics will be more successful than the 
man who has not studied this subject; he will make 
fewer mistakes and avoid many of the pitfalls into which 
the practical man who builds solely on past experience, 
without an understanding of theoretical principles, is 
liable to fall. Many inventors have wasted a great deal 
of their time and energy on impossible combinations of 
machine details or on impractical devices, such, for 
example, as perpetual motion machines, simply because 
they did not understand the primary laws of mechanics. 
Every practical mechanic will become a better and more 
successful man in his trade by understanding these 
fimdamental principles. There is nothing difficult about 
theoretical mechanics to anyone who has a good knowl- 
edge of arithmetic and understands the use of formulas, 
a subject which is very simple, and which is explained in 
the section on Formxtlas, Vol. m, p. 201. With a 
grasp of these subjects, the articles on theoretical 
mechanics in the Encyclopedia will be found clear and 
simple. 

Arrangement of Course in Mechanics. — The various 
subjects that come under the head of theoretical me- 
chanics will be fotmd in the Encyclopedia in separate 
sections or articles, making it easy for the man who uses 
the work for reference only to find directly the subject 
in which he is interested. The student, however, who 
is anxious to cover the subject in the form of a course 
will need some directions in order to obtain the full 
benefit from the material contained in the Encyclopedia. 
To obtain a general survey of the subject, he would first 
study the section on Mechanics, Vol. IV, p. 329, which 
deals briefly with forces, work, power, moments, me- 
chanical powers, gravity, friction, motion, mass, energy, 
and centrifugal force, all of which subjects comprise the 



fundamental principles of the science of mechanics. 
This article, in fact, would give the shop man who does 
not need to study the subject as deeply as would a ma- 
chine designer, a general conception of mechanics. The 
machine designer, however, would need a more thorough 
understanding of the subject, and would have to turn to 
the detailed articles which treat more completely with 
each phase. 

Principles of Force, Work, and Power. — While the 
elementary principles involved in the mechanical con- 
ceptions of force, work, and power are explained briefly 
in Vol. rv, pp. 329 and 330, a more complete article 
dealing with the principles and laws involved in the 
application of forces will be found under the heading 
Force, Vol. Ill, p. 173. When a force performs work 
for a given time it produces power, and power, in the 
mechanical sense, is most commonly measured in 
Horsepower (Vol. IV, p. 31) and Kilowatt (Vol. IV, 
p. 154). There are also other units in which power may 
be measured, and a comparison of all these units is given 
in the article on Power and Heat Equivalents, Vol. 
V, p. 129. The power developed by a power-producing 
machine may be measured by a Dynamometer (Vol. H, 
p. 513). Many a practical man is often confused when 
reading mechanical books or joiurnals, because he lacks 
a thorough understanding of the expressions force, work, 
and power, as used in their mechanical sense. A study 
of the articles referred to, which would occupy only an 
evening or two, in order to fully master the subject, 
would greatly increase his ability to benefit from the 
reading of other mechanical literatiue. The use of the 
Encyclopedia would also be greatly facilitated by the 
understanding of these primary terms so frequently used 
in mechanics. 

Moments and Mechanical Powers* — Among the very 
important fimdamental principles of theoretical me- 
chanics is that known as the ''principle of moments.'' 
This principle enters in one way or another into the 
design of practically every device and machine and is 
highly important in all constructions that involve the 
use of levers. The principle of moments is explained in 
the general article on Mechanics, in a section headed 
Moments (Vol. IV, p. 330). The specific application 
of moments to levers of different kinds, and a practical 
example showing the application of levers in the design 
of a platform scale, which is one of the most complicated 
and important arrangements in which a knowledge of the 
subject of leverage is absolutely necessary, is given in 
the article headed Lever, Vol. IV, p. 201. The lever 
is one of the so-called mechanical powers, or simple 
devices, by means of which the ^ect of a force is mtdti- 
plied. These mechanical powers, besides the lever, are 
known as the whed and axie, the pulley (and its practical 
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application in the ^* block and tackle ") , the inclined plane, 
and the screw. A review of the fundamental principles 
embodied in all the mechanical powers is given in Vol. 
^y P* 33 1 y ^^^ the principles and formulas applicable 
to each are given in greater detail in the separate articles 
on Block and Tackie (VoL I, p. 382); Inclined Plane 
(Vol. IV, p. 46); Screw (VoL V, p. 323); and Wheel 
AND Axle (VoL VI, p. 503). An understanding of the 
principles here outlined makes it possible to determine 
exactly the amount of power required for performing 
mechanical work in machines and devices that employ 
directly, or with modifications, the simple devices known 
as "mechanical powers." 

Center of Gravity and Specific Gravity. — Another 
important section of theoretical mechanics is that which 
deals with the attractive force between the earth and 
bodies on or near its surface, and which is known as 
"gravity." Gravity manifests itself in the weight of 
bodies, and as weight is one of the important factors to 
be reckoned with in the design of machinery and struc- 
tures, and in the operation of machinery as well, the 
mechanical laws dealing with gravity are highly im- 
portant. The elementary principles are dealt with in 
VoL rv, p. 331. The center of gravity, or the point at 
which the weight of a body may be considered as con- 
centrated as far as mechanical calculations are concerned, 
is of importance in the design of moving machine parts 
and also in the calculation of the strength of beams 
subjected to bending. Formulas giving the location of 
the center of gravity of practically all siufaces and solids 
of ordinary geometrical shape are given in the artide 
headed Gravhy, Center of (VoL Ul, p. 429). The 
specific gravity or the weight of a material compared with 
the weight of an eqiud volume of water is also of impor- 
tance in the calculation of the weights of any material 
the volume or dimensions of which are known. The 
article on Specdic GRAViry, VoL V, p. 398, contains 
extensive tables giving the specific gravities of a great 
many metals, woods, and other materials, as well as of 
liquids and gases. In the case of a gas, the specific 
gravity means the weight of a certain volimie of the gas 
compared with the weight of an equal volume of air. In 
the article mentioned, methods of calculating weights 
when the specific gravity is known are explained, as well 
as methods used for obtaining the specific gravity of a 
sample of a metal or alloy. The principle of specific 
gravity was first expressed by Archimedes, a Greek 
philosopher, and is known as the Akchdiedian Prin- 
ciple, VoL I, p. 124. The specific gravity of liquids 
cannot be determined in the same manner as that of 
solids, but simple devices known as Hydrometeks (VoL 
IV, p. 44) have been devised for finding the specific 
gravity of any liquid by merely immersing the instrument 
in the liquid. 

Friction. — Friction is a subject with which every 
mechanic is in a general way familiar. Frictional losses 
in machine bearings are responsible for the loss of a great 
deal of the power supplied to a machine. In some 
instances, in fact, more power is consumed in overcoming 



frictional resistance than in performing useful work. 
Although the presence of friction is well known, the 
principles of frictional resistance are not well understood; 
in fact, there are some of the laws of friction that even 
the scientists have not as yet fully agreed upon. The 
eLementary and well-known principles, however, are 
explained in the artide on Mechanics, under the head- 
ing Friction, VoL IV, p. 331, and in greater detail in the 
article on Fuciion, VoL HE, p. 214, where the coeffi- 
cients of friction for certain metals and other materiab 
used in the construction of machinery and devices are 
given. Friction introduces the only imcertain element 
in theoretical mechanics. The forces acting and the 
results obtained in the case of levers, screws, and other 
mechanical powers could be determined with absolute 
accuracy were it not for the friction between the parts; 
but the coefficient of friction varies to a considerable 
extent according to the materials used, the conditions of 
the bearing surfaces, the amoimt of lubrication, and the 
kind of lubricant. Experiments, however, have been 
undertaken to determine as accurately as possible the 
effect of friction in different cases, and the results of these 
e]q>eriments are recorded in the artide referred to in such 
a way that the designer or engineer may be able to deter- 
mine within a fair degree of accuracy what the effects of 
friction will be in any particular case. 

Laws of Motion, Velodty, and Mass. — The sections 
of mechanics so far dealt with are concerned primarily 
with the establishment of equilibrium between different 
forces, and these parts of the subject are generally com- 
bined imder the name sialics. Those parts of theoretical 
mechanics which deal with moving bodies are all induded 
under the general heading dynamics. Dynamics deals 
with motion, and, in connection with motion, with 
vdodty, the laws of falling bodies, inertia, enei:gy, 
centrifugal force, and the movements of pendulums. 
The mechanics of moving bodies involve many new 
prindples not considered when dealing with the mere 
equilibriiun of forces. Many of the most difficult 
problems in machine design are due to the rapid motion 
of some machine dements, which introduces stresses in 
the machine parts that are not present when these parts 
move slowly or are at rest. In a fiywhed, for example, 
the stresses increase with great rapidity as the speed is 
increased. Many fatal acddents have resulted from the 
failure of designers and operators to recognize or under- 
stand the forces that are at work in rapidly moving 
bodies. The study of motion, vdodty, and centrifugal 
force, therefore, becomes of the greatest importance to 
anyone who designs machinery having rapidly moving 
parts. 

A general review of the laws of motion will be found in 
the artide on Mechanics under the heading Motion, 
Vol. rv, p. 332, and a more complete treatise, giving the 
formulas required for different kinds of motion, in the 
artide on MonoN, VoL IV, p. 432. The first investiga- 
tor of the laws of motion, who formulated the prindples 
in a manner so accurate that they are accepted to this 
day, was Sir Isaac Newton. He formulated three laws 
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o! motion, which are given in Vol. IV, p. 333. In the 
study of motion, one of the most important factors to 
be considered is velocity, which may be either relative 
or absolute, as explained m the article on VELOdTY, 
Vol. VI, p. 436. In the case of rotating bodies, the 
velocity of motion is known as Angular Velocity, 
Vol. I, p. 99. The laws of motion relating to falling 
bodies find application in a great many cases in practical 
mechanics. They underlie the motions involved in 
cranes and lifting appliances of all kinds, and are also of 
direct application in the case of power hammers and all 
machinery acting by blows rather than by steady 
pressure. The principles and formulas applying in this 
part of mechanics are given in the artide on Falling 
Bodies, Vol. m, p. loi . In connection with this subject, 
Energy, Vol. Ill, p. 57, and Blow, Force op, Vol. I, 
p. 392, should also be studied. 

Centrifugal Force and its Applications. — There is 
perhaps no manifestation of the forces created by motion 
that is more apparent or well known than that of centrif- 
ugal force. Every mechanic, no matter what his occu- 
pation, knows that a rapidly revolving wheel or disk — 
a flywheel or a grinding wheel — is liable to burst in case 
the speed becomes too high. He may not know that the 
force tending to cause the grinding wheel to fly apart 
increases much more rapidly than the speed of the wheel, 
but he knows that such a force exists. The machine 
designer who deals with rapidly revolving machine parts 
must, however, know not only that the force exists, but 
also how great that force is, so that he can guard against 
the dangers due to the bursting of rapidly revolving fly- 
wheels, pulleys, or similar machine parts. The stresses 
can be accurately calculated by formulas that give very 
exact results. This subject is dealt with in the article 
on Centrifugal Force, Vol. 11, p. 43. The influence 
of the laws of centrifugal force on the design of flywheels 
is probably the most common application in practice. 
This is dealt with in the article on Flywheels, Vol. HI, 
p. 160. Another application is met with in governors of 
steam engines, Vol. VI, p. 18. An application of forces 
due to rapid rotation is also met with in the Gyroscope, 
Vol. ni, p. 490. 

The moment of inertia of rotating bodies is a mathe- 
matical quantity which is used in certain mechanical 
calculations; formulas for the moment of inertia in 
relation to solid bodies are given in the article Inertia, 
Moment of. Vol. IV, p. 57. The moment of inertia with 
relation to surfaces is not employed directly in theoretical 
mechanics, but is of very great importance in applied 
mechanics, when dealing with the strength of materials 
in the calculation of beams subjected to bending stresses. 
The moment of inertia for surfaces, therefore, is given in 
the artide on Beams, Vol. I, p. 264. The polar moment 
of inertia is also used in coimection with the strength of 
materials of shafts or other bodies subjected to torsional 
or twisting stresses; information on this subject is given 
in Strength of Materials, Vol. VI, p. 95. 

Simple, Compound, and Conical Pendulum. — Some 
of the most interesting of the laws of theoretical me- 



chanics are those dealing with the pendulum. They do 
not have so general an application to machine design 
and practical mechanics as have the other laws just 
mentioned. Nevertheless, they are of the greatest 
importance in their relation to our daily life, because it 
is the pendulmn that provides a means of exactly measur- 
ing time, the pendulum of docks being proportioned 
accuratdy according to calculations and measurements 
based upon theoretical laws that have been predsdy 
determined. These laws are given in the artide on 
Pendulum, Vol. V, p. 3. The simple pendulum is a 
mere theoretical conception, it being defined as a point 
having weight only, suspended by a weightless cord. 
Apparently such a condition can only be i^proximated 
in practice. The compound penduliun is the one which 
finds its pracrical application in docks. The conical 
pendulum, again, finds extensive application in the 
design of governors for steam engines, and is also used in 
speed-regulating devices for other machinery, the form 
of governor based upon the conical pendulum being 
known as a ''fly-ball" governor. This type of governor 
is described in Vol. VI, p. 18, and the formulas required 
for its calculation are given in Vol. V, p. 3. 

Mechanics of Fluids and Gases. — The sdence of 
mechanics may be considered as divided into three 
sections — the mechanics of solids, of fluids, and of 
gases. Generally speaking, the man engaged in mechani- 
cal pursidts has mainly to deal with the mechanics of 
solids. In the design of such machines as pumps, 
hydraulic presses, and water-wheds and turbines, he 
must, however, also deal with the mechanics of fluids, 
and in the design of steam and gas engines, air com- 
pressors, and pneumatic machinery, with the mechanics 
of gases. In the Encyclopedia, the mechanics of fluids 
has been dealt with briefly in the artide Water, Pres- 
sure AND Flow, Vol. VI, p. 443, and in its application to 
the different kinds of hydraulic machinery mentioned, in 
the articles on Hydraulic Presses, VoL IV, p. 34; 
Pumps, Vol. V, p. 183; and Water-wheels and Tur- 
bines, Vol. VI, p. 444. 

In dealing with the mechanics of gases, the practical 
mechanic is mainly interested in air and steam. The 
two important properties of gases are their pressure and 
flow. As an introductory artide, that on Pressure, 
Vol. V, p. 164, may be studied. The properties of air are 
dealt with in the artide on Air, Vol. I, p, 27. The 
compression of air follows certain very definite laws and 
prindples, which are dealt with in Air Compression, Vol. 
I, p. 30, and in the first paragraphs of Ant Compressors, 
VoL I, p. 31. The properties of steam may be studied 
from the paragraphs on this subject beginning on page 
419, in Vol. I, in the artide on Boilers. The action of 
steam in a steam engine is dealt with in the article Steam 
Engines, VoL VI, p. i. The properties of superheated 
steam are dealt with separatdy in the article Super- 
heated Steam, VoL VI, p. 122. 

Heat and Temperature Measurements. — The subject 
of heat is closdy allied to that of mechanics. An under- 
standing of the dementary prindples rdating to the 
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subject of heat is, therefore, of value to anyone engaged 
in mechanical work. Heat pla3rs an important part in 
a great many of the machines used for power production 
or transmission. The designer of air compressors, steam 
engines, boilers, steam turbines, gas engines, and many 
other machines must have an understanding of the 
principal laws of heat transmission, radiation, insulation, 
etc. The ENcycLOPEDiA, therefore, deals with this 
subject in such a manner that the student may obtain 
a brief, but satisfactory, review of this branch of physical 
science. The artide on Heat, VoL m, p. 541, deals 
with the subject in a general manner, and the articles on 
Latent Heat, VoL IV, p. 169, and Specific Heat, VoL 
V, p. 401, ^ve tables relating to the latent heat and 
specific heat of various substances. The amount or 
quantity of heat is measured in certain units known, 
respectively, as BrUish thermai units and calories^ these 
units being defined and their equivalent values given in 
the artide on Heat (VoL UI, p. 541). In thermo- 



chemistry, quantities of heat are measured in Ostwaio 
Calories (VoL IV, p. 509). The qpedfic heat of bodies, 
and quantities of heat generally, are measured by the aid 
of Caloumeters, VoL I, p. 529. 

All solid bodies will be transformed into liquids and all 
liquids into gases if suffident heat is aj^ilied to them to 
raise the tonperature to the mdting or vaporizing point. 
The mdting points of metals, and also of a number <^ 
metal alloys, are given in the artide Melting Points of 
Metals, VoL IV, p. 354. The vaporization points of 
the more important metals are givm in connection with 
the artides on the respective metals. 

In order to prevent heat from escaping from a surface 
— a cylinder, pipe or other part of a machine dqiending 
upon heat for its proper function — heat-insulating 
materials are used. The value of different kinds of beat- 
insulating materials and thdr application are dealt with 
in the artide on Heat-insulating Materials, VoL m, 
p. 542. 
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2kNY machine or mechanical apparatus equipped with 
moving parts may be defined as a device for transmit- 
ting energy derived from some source of power to a place 
where work is to be performed. In the construction of 
any such mechanical apparatus, there are two important 
and fundamental points to be considered. In the first 
place, it is necessary to so design the machine that the 
necessary motion will be obtained; second, the com- 
bination of parts forming the machine must be so pro- 
portioned that the energy or power may be transmitted 
without breakage or excessive distortion of the parts. 
In the design of any machine, then, it is necessary to 
consider the practicable methods of transmitting mo- 
tion from one machine part to another, and to analyze 
the magnitude of the forces that are to act upon the 
mechanism. 

The object of the course of reading and study outlined 
in the following paragraphs is to give the student a 
general idea of the methods of transmitting power under 
different conditions, or the means of obtaining the right 
kind of motion or of modifying it to suit specific pur- 
poses, without considering, at present, the forces which 
are to act upon the machine parts or the proportioning 
of these parts with reference to their strength. In some 
cases, the sections or artides referred to deal with 
problems in design, but students not familiar with 
mechanical details should defer studying the sections 
treating exdusivdy on design, in order to first obtain a 
general knowledge of the practical means of transmitting 
motion. The proportioning of machine parts will be 
dealt with later under " Prindples of Machine Design." 

General Methods of Power Transmission. — The form 
of mechanism utilized to transmit motion from one 



machine part to another part is governed by the motion 
of the driving member, the kind of motion to be imparted 
to the driven member, the distance between the driving 
and driven members, their position rdative to each other, 
and the amount of energy or power to be transmitted. 
A plain shaft which serves to transmit motion from one 
part or combination of parts to another represents a 
direct form of power transmission. The flexible shaft 
is a form of transmission that has been extensivdy used 
when the driven member must have a free or universal 
movement. Among other forms of transmission may 
be mentioned the various applications of link and lever 
mechanisms, induding straight line motions, togg^ 
joints, etc.; the use of frictional gearing and various 
forms of toothed gearing; the transmission by bdts or 
by means of rope or chain drive; the use of cams, 
espedally when a complex or irregular movement is 
required; and the use of the screw, which might be 
classified as a type of cam having a working groove of 
helical form. 

Solid and Flexible Shafting. — While shafting may be 
considered as a means of transmitting power, as previ- 
ously mentioned, it is also used for supporting various 
kinds of power transmitting devices, such as pulleys, 
gears, cams, sprockets, etc. The article on Shafting, 
Vol. V, p. 331, deals prindpally with the stresses to which 
shafts are subjected and the proportioning of shafts to 
safdy withstand these stresses. Therefore, this artide 
is of especial value in the general study of machine 
design, although it contains some information that might 
well be included in a general course of reading featuring 
particularly methods of transmitting power. 

Flexible shafting which consists of a flexible core that 
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is anranged to revolve within an outer casing is often used 
when the driven member must have a free movement. 
(See Flexible SHAmNG, Vol. Ill, p. 156.) Counter- 
SHAPTS, Vol. n, p. 225, are short shafts used in shops and 
factories having belt-driven machines for stopping or 
starting machines independently, and in some cases for 
obtaining speed variations. 

link and Lever Mechanisms. — A link may be 
defined as a rigid body for connecting parts of a machine 
or mechanism, and its fimctions may be either to trans- 
mit motion or to support or guide some member or 
combination of parts. Many machine parts which 
belong to the general dass designated as "links" are 
given special names. For instance, if a link has a swing- 
ing or oscillating movement about a pin or fulcrum, it is 
usually known as a '' lever " or " rocker." If a link makes 
complete revolutions, it may be known as a ''crank," and 
a link which transmits motion from a revolving crank to 
a part having a straight-line motion is classified as a 
"connecting-rod" or "pitman," The side rod on a 
locomotive, which connects the main driving wheel with 
all the other drivers, is another application of a link. 
Throughout the Encyclopedia there are a great many 
illustrated descriptions of different designs of machines 
and devices which include link and lever mechanisms. 
When reading descriptions of machines of different 
classes, it is advisable to note details of this kind, in order 
to see how and when various types of link mechanisms 
are applied. The article on the Lever, Vol. IV, p. 201, 
contains information of an elementary nature on this 
simple, but very important, machine element. Whit- 
worth Motion, Vol. VI, p. 504, is a form of link mecha- 
nism that has been extensively used to obtain a quick- 
return motion, especially on machine tools of the slotter 
dass. The Peaucellier Motion, Vol. V, p. i, is 
another example of a link mechanism which is commonly 
dassified as a straight-line motion, because it consists of 
a combination of links so arranged that a rectilinear 
motion is obtained independently of guides or ways. 

The well-known pantograph mechanism is a form of 
link mechanism intended especially for reproducing a 
motion on a reduced or enlarged scale. The most 
important practical application of the pantograph is 
found on engraving machines (see Vol. Ill, p. 58). 
Another important link mechanism which applies to 
certain types of machines, such as drawing and emboss- 
ing presses, stone crushers, etc., for obtaining great 
pressure, is known as the Toggle Joint, Vol. VI, p. 292. 
In view of the fact that motion, in a great many cases, 
is transmitted through a train of mechanisms or com- 
bination of parts, many of the designs referred to in 
connection with other classes of transmission devices 
wiU illustrate various applications of links and levers. 

Transmission by Frictional Gearing. — When rotary 
motion is to be transmitted from one shaft to another, 
this may be done very easily by means of driving and 
driven members which are in contact and simply roll 
against each other, provided the shafts are not too far 
apart for this kind of drive, and the rolling or frictional 



contact will transmit the necessary amount of power. 
This kind of transmission, which is classified as frictional 
gearing, has been used quite extensively on certain 
classes of machinery, although it is not a suitable form 
of drive when it is essential to maintain a fixed relation 
between the driving and driven members throughout a 
cyde of operations. General information on this subject 
will be found in the artide Friction Wheels por Power 
Transmission, Vol. HE, p. 217. 

Transmission by Spur Gearing. — When cylinders or 
cones which roll in contact with each other are used to 
transmit motion, slipping is liable to occur, especially if 
the amoimt of power transmitted is somewhat excessive 
for gearing of this type. Owing to the advantages of a 
positive drive, toothed gearing is used in one way or 
another on a large percentage of the machines of all 
dasses. When shafts are paralld, some lorm of spur 
gearing is generally used. The general subject of gear- 
ing, induding spur gears and the other types mentioned 
later, is one of great importance not only to students of 
machine design, but also to those interested in machine 
construction or shop practice. A simple explanation of 
the prindples of spur gearing will be found in Vol. V, 
p. 501. It is recommended that the student read only 
that part of the article which deals with the subject in a 
general way, leaving the calculations used in spur gear 
design for future reference, as these should be taken up 
in connection with machine design. Internal gearing, 
which is simply a spedal form of spur gearing, is treated 
in Vol. IV, p. 75. While motion is generally transmitted 
between two shafts by using two gears only, in many 
instances it is necessary to transmit motion through 
three or more gears, which combination is known as a 
"gear train." The article on Gear Trains, VoL III, 
p. 386, explains the effect which such intermediate 
gearing has on the speed ratio, and how this ratio may be • 
determined both for simple and compound gearing. If 
a gear train consists of a stationary gear about which 
another gear revolves in addition to rotating rdative to 
its own axis, this combination is known as "epicydic" 
gearing, and it is of particular value when a considerable 
reduction of speed between the driving and driven 
members is necessary. Owing to the combination of 
movements, it is rather difficult to determine the speed 
ratio of this gearing unless the action is analyzed in a 
methodical way. In the artide on Eficyclic Gearing, 
VoL III, p. 64, methods of determining speed ratios are 
described. Reference should also be made to the artide 
on Eccentric Gears, VoL II, p. 518, which deals par- 
ticularly with the application of this type of gearing to 
automobile transmissions. Spur gears are ordinarily of 
circular form, but gears of elliptical shape have been used 
to a limited extent in order to accderate the movement 
of the driven member during part of a revolution, the 
object being to obtain a quick-return motion. General 
information on elliptic gears will be found in VoL III, 

p. SO. 

Transmission by Bevel Gearing. — When two shafts 
are dther at right angles to each other, or at an angle 
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that is somewhat greater or less than 90 degrees, motion 
is conmionly transmitted from one to the other through 
bevel gearing. The beginning of the section on Bevel 
Ceasing, Vol. I, p. 352, explains the general features 
of this type of gearing and its practical application. 
The axes of ordinary bevel gears lie in the same plane, 
but there is a special form known as ''skew bevel gears/' 
for connecting shafts which are not only at an angle to 
each other, but somewhat offset. (See Skew Bevel 
Gears, Vol. V, p. 367.) The spiral type bevel gear 
(Vol. V, p. 470) represents another development used 
particularly on automobile transmissions. This gearing 
differs from the ordinary type in that the teeth are 
curved instead of being straight; for general information, 
see Vol. I, p. 367, in the section on Bevel Geabing. 

Spiral or HeUcal Gearing. — The type of gearing 
commonly known as ''spiral" gearing, or, more properly, 
"helical" gearing, is generally used for transmitting 
motion between shafts which are not parallel and do not 
lie in the same plane, but also for connecting parallel 
shafts. The pitch surfaces or imaginary surfaces upon 
which the gears roU are cylindrical, the same as with 
spur gears, but the teeth follow helical curves like screw 
threads, instead of being parallel to the axis. (See Spiral 
Gearing, Vol. V, p. 461.) If the distance between the 
shafts or the planes in which the axes of the shafts lie is 
relatively small, it may be necessary to use skew bevel 
gears. When high speeds are necessary and smooth- 
ness of action essential, helical gearing is sometimes used 
for connecting parallel shafts. The general practice is 
to use a double helical gear, or one having both right and 
left-hand teeth in order to eliminate end-thrust. Such 
gearing is known as Herringbone Gears, Vol. Ill, 

P- 544- 
Xransmission by Worm Gearing. — Worm gearing is 

similar in principle to spiral gearing, a single-threaded 
worm being, in reality, a spiral gear having one con- 
tinuous tooth. The particular advantages of worm 
gearing are in the smoothness of action and the possi- 
bility of obtaining a large reduction in velocity between 
a driving and driven shaft. This gearing is used in 
many forms of transmission in which steadiness of motion 
or a considerable change of velocity is necessary. The 
increase in effective power which may be obtained 
through this gearing is also a decided advantage for 
many purposes, and the gearing is self-locking, which is 
another valuable feature in connection with certain ' 
installations. (See Worm Gearing, Vol. VI, p. 541.) 

Intermittent Gearing. — In certain classes of mecha- 
nisms, motion between a driving and driven member is 
not continuous but intermittent. Gearing of this t3rpe 
may be so arranged that the driven member is moved 
through part of a revolution each time the driver makes 
a complete turn, or the driven part may be given several 
impulses or movements for one revolution of the driver. 
Intermittent gears vary considerably in their design or 
form, modifications being necessary to suit different 
conditions. The article on Intermittent Gearing, 
Vol. IV, p. 72, describes gears for various kinds of inter- 



mittent motion. Ratchet gearing may also be classified 
as a form of intermittent gearing and is extensively used 
on a great variety of machines and mechanisms. Gen- 
eral methods of appl3dng ratchet gearing are described 
in Vol. V, p. 232. The practical applications of some of 
the forms of ratchet gearing illustrated diagrammatlcally 
in connection with this artide will be found on various 
tools and machines described throughout the Ency- 
clopedia. 

Transmission by Belts. — When shafts are located too 
far apart for any form of gear transmission, it is common 
practice to connect them by means of a belt made either 
of leather, cotton, or cotton and rubber composition. 
The effectiveness of a belt as a transmitter of power 
depends upon several factors, such as the tension of the 
belt, the frictional resistance between the belt and pulley 
rims, and the amoimt of belt surface in contact with the 
rim. Many belt drives are very inefficient, either be- 
cause the kind of belt in use is not adapted to the require- 
ments or conditions under which it must operate, or 
because the belt is not properly installed and cared for. 
A general knowledge of the subject of belting and belt 
installation will prove usefid to the machinist, shop 
foreman, or draftsman. A complete section on Belting 
will be foimd in Vol. I, p. 318, covering the application 
of belts; the selection of belt stock; methods of joining 
belt ends by cementing and lacing; the causes of belt 
failures; the horsepower transmitted by belting; the 
installation of angular belt drives; and other general 
information of a definite and practical nature. While 
belts are still used very extensively and doubtless will 
continue to be, they have been either partly or entirely 
replaced in many machine shops and other plants or 
factories by motor-driven machinery. The subject of 
motor drive will be considered later. In connection 
with the subject of belting, reference should be made to 
the article on Pulleys, Vol. V, p. 180; Pulley Speeds, 
Vol. V, p. 182; and Tension Scales for Belts, Vol. VI, 
p. 223. 

Chain Type of Transmission. — When the center-to- 
center distance between driving and driven shafts is too 
great for gears, but too small for an ordinary belt drive, 
a chain transmission is commonly used, especially if a 
positive drive is necessary, or there is considerable power 
to be transmitted. A chain drive is practically a belt 
composed of chain links which engage projecting teeth 
on the rims of sprocket wheeb that take the place of 
smooth-riiomed pulleys, such as are used with ordinary 
belt drives. There are several distinct types of trans- 
mission chains on the market which are intended for 
different classes of service and vary considerably in cost. 
Some of the cheaper grades are preferable to the more 
expensive types when used on classes of work for which 
they are primarily intended. When installing a chain 
transmission, it is important to select a chain of the right 
type, to use sprocket wheels having teeth of the proper 
shape, and to provide for operating the chain drive at a 
speed regulated in accordance with the type of chain. 
The section on Chain Transmission, Vol. U, p. 60, 
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covers these and many other important points related 
to the selection of chain drives, their design and installa- 
tion, and the cutting of the teeth of sprocket wheels. 

Transmission of Power by Rope. — Rope has been 
used in many factories and mills for transmitting power 
from the power plant to different lines of shafting, 
although this type of transmission has been replaced to 
a considerable extent by electrical equipment. The rope 
used may be made of hemp, cotton, or wire. General 
information on the American and English systems of 
rop>e transmission, and data relating to the design and 
installation of rope drive, will be foimd in the section on 
Rope Transmission, Vol. V, p. 292. When ropes are 
used to transmit continuous rotary motion by operating 
over pulleys, it is essential to have the rope ends properly 
spliced or joined together. The methods of splicing 
Manila and wire transmission ropes are explained in the 
article on Rope Spuong, Vol. V, p. 289. 

The section on rope transmission referred to pertains 
especially to the use of ropes for transmitting continuous 
rotary motion from one shaft to another. The most 
extensive use of ropes, however, as a means of trans- 
mitting motion from some source of power to a driven 
member, is in connection with various classes of hoisting 
and haulage apparatus, such as cranes, mine hoists, 
elevators, tramways, etc. For this class of service, some 
kind of wire rope is generally used. The section on Wire 
Rope, Vol. VI, p. 520, describes various classes of wire 
rope, their properties, range of application, strength, etc. 

Motion from Cams. — Most of the wonderful auto- 
matic machines now used so extensively and for such a 
variety of purposes derive their intricate movements 
from various forms of cams. Every man who has a 
natural bent for mechanics finds something fascinating 
about an automatic machine. Take, as an example, a 
modem automatic screw machine. It seems more like a 
living thing than a machine, with a mind that controb 
its actions. The rough stock is gripped by the chuck 
and drawn inward; the tools advance and recede; 
another set of tools comes into action; and every few 
seconds a finished piece is severed from the rough bar. 



Practically all of these intricate motions are derived from 
cams. In fact, without the aid of cams, many of the 
complex movements that are essential to the operation 
of various classes of automatic machines would be 
impossible to obtain; therefore, the subject of cams is of 
vital importance to every draftsman and designer, as 
well as to those interested in invention, especially if 
irregular and intricate motions are involved. The exact 
movement derived from any cam depends upon the shape 
of its operating groove or edge, which must be designed 
according to the motion required. It is also necessary 
to vary the general shape of the cam in accordance with 
the relative movements of the cam and its follower. 
The section on Cam Design, Vol. I, p. 530, covers 
different classes of cams, simple methods of laying out 
cams to obtain different motions, and other general 
information. 

Mechanisms for Vaxying Speed. — In the operation of 
many different classes of machineiy, it is necessary for 
one reason or another to change the speed of a driven 
member. A feature of this kind is of especial importance 
on different classes of metal-cutting machines, in oider 
to vary the speeds and feeds for different kinds of metal 
and when operating imder different conditions. There 
are many other kinds of machinery which require me- 
chanical means of changing speeds. The variable speed 
mechanisms in general use vary greatly in design. The 
sections Variable Speed Mechanisms, Vol. VI, p. 418, 
and Speed and Feed Mechanisms, Vol. V, p. 402, in- 
clude a variety of types and designs which have been 
developed to meet different conditions. Most of the 
designs illustrated are intended for a certain type of 
machine or mechanism, and sometimes could not be 
applied to another type without more or less modifica- 
tion. A study of these different mechanisms, Jiowever, 
will prove invaluable to the designer or student interested 
in various classes of mechanical apparatus, because they 
embody fundamental principles which may be applied 
generally to machines of different kinds, provided the 
details of -construction are modified in accordance with 
the conditions in each case. 
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In the building of maehines, there are two fundamental 
and distinct processes — (i ) the imaginingor conception 
of the design in the mind and the recording of this design 
on a drawing, and (2) the actual building of the machine 
from the drawing, which involves shaping the parts by 
various methods from iron, steel, or other materials. In 
the early devebpment of the art of machine bmlding, 
many machines were constructed without an adequate 
design. The builder would carry a general idea of the 
machine he wanted to buOd in his mind, and would him- 
self, together with his assistants, gradually complete the 
machine one part at a time, to fit properly into the parts 
already made. This was a primitive and expensive 
method of developing machines and often resulted in 
crude and unsatisfactory forms, as changes were difficult 
to make and it was not possible from the beginning to 
gain a dear conception of the relationship of the different 
parts. As the art of machine building developed, the 
making of a drawing of a machine, before an attempt was 
made to build it, became common practice, and, today, 
the advantages of this method are so generally recognized 
that there are very few instances in which the design is 
not first completed in all its details on drawings, before 
any attempt whatever to make the machine in solid 
materials is made. This practice, in turn, has led to the 
development of what might be termed a specific trade — 
that of the mechanical draftsman and machine designer. 
The Work of Draftsmen and Designers. — While the 
two terms ''draftsman" and ''designer" are often used 
interchangeably, a designer is a man who conceives in 
his mind the arrangement of the parts of a machine or 
device for accomplishing a specific purpose, and who is 
able to proportion this machine or device properly as 
regards strength, functions, and appearance, so that it 
meets the requirements. A designer is also always a 
draftsman, able to put his ideas on paper in the form of a 
drawing; but a draftsman may not always be a designer. 
He may merely be able to work out the details from a 
complete design already made, and to produce working 
drawings for the shop, from which the parts can be made 
according to the ideas embodied in the drawing made by 
the designer; but no distinct line can be drawn between 
the work of a draftsman and the work of a designer, as 
every draftsman, to be of any value, must, in some 
measure at least, be a designer. If he is only able to 
copy the drawings or the designs of others, he would 
hardly be called a draftsman, but would be classified as 
a "tracer." 

A machine designer, to be proficient in his calling, must 
possess knowledge covering four distinct phases of me- 
chanical work. He must imderstand the principles of 
mechanical drawing so that he can record his ideas 
correctly on paper; he must be versed in the strength of 



materials, which virtually amounts to a science, so that 
he is able to properly proportion the parts of the machines 
he designs to resist the stresses placed upon them; he 
must imderstand the laws of mechanics and kinematics 
so that he can properly arrange the parts of the machine 
to be designed, so that they will perform their proper 
functions; and finally, he must know enough about the 
methods and practices used in the shop in the building 
of machines, so that he can design the machine in a 
manner making it possible to build it in the cheapest and 
most efficient manner. 

Drawing and Drafting-room Systems. — Mechanical 
drawings mky be considered as the written language of 
the shop. On the drawing, the designer and draftsman 
write down their ideas in a language which the shop man 
Teads preparatory to making the machine parts required. 
Just the same as there are good and poor handwritings, 
and just as some have a greater ability to express their 
ideas in words than have others, so the proficient drafts- 
man has a greater facility for clearly showing his ideas on 
a drawing than has a less proficient man. It takes long 
experience and good judgment always to know exactly 
how a drawing should be made in order to indicate most 
dearly how the object shown is to be constructed. This 
is espedally true of complicated castings where it some- 
times takes considerable ingenuity on the part of the 
draftsman to make a drawing in such a manner that its 
intent will be perfectly clear to the patternmaker who 
makes the pattern for the casting. The patternmaker, 
as a rule, requires greater ability in the reading of draw- 
iogs than does the machinist, because, when acomplicated 
casting reaches the machining stage, the machinist has 
both the drawing and the casting, and it is easier for him 
to see what has to be done than for the patternmaker 
who has nothing but the drawing to work from. 

It has not been attempted in the Encyclofedia to 
teach how to make drawings, because this subject is of 
such a nature that anyone studying it would require 
special text-books intended for that purpose alone; but 
the Encyclopedia contains artides relating to the 
prindples of ma king drawings which will be of value to 
both shop men and draftsmen. The artide on Drawings 
FOR Shop Use, Vol. II, p. 422, is, therefore, not intended 
to teach a draftsman everything that he would need to 
know about the making of drawings, but to present to 
him a review of the principles involved, and also to teach 
the shop man the meaning of certain representations, 
lines, and methods used on drawings. Anyone who 
wishes to obtain a comprehensive idea of the prindples 
of the subject should read this section. There are two 
other sections on drawing that have been especially 
prepared for the draftsman and designer, because they 
cover subjects on which the mechanical draftsman, as a 
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rule, is not well veised, but which at times prove of con- 
siderable value to him. These sections are Isometric 
Projection, Vol. IV, p. 86, and Perspective Drawing, 
Vol. V, p. 8. By means of both isometric projection and 
perspective drawing, it is possible to represent an object 
approximately as it would appear to the eye, by using 
one view only, whereas ordinary mechanical drawing uses 
a niunber of views and does not represent the object in 
any one of these views in the form in which it would 
appear to an actual observer. When machines or 
machine parts are to be drawn for presentation to per- 
sons not familiar with mechanical drawing, isometric or 
perspective drawings are of great value. 

Apart from the work of designing and drawing machine 
details, the draftsman is also, as a rule, required to main- 
tain records relating to the machines that have been 
designed, and drawings pertaining to them. Sometimes 
the drafting-room maintains also records covering certain 
features of the production departments. In order to do 
this work efficiently, drafting-room S3rstems must be 
devised, so that the records may be kept in a systematic 
and orderly manner. There are a great number of 
different drafting-room systems — perhaps as many as 
there are drafting-rooms; but there are certain funda- 
mental principles that may be laid down and which can 
be profitably followed in the majority of cases. In the 
article on Draptino-rooic Systems, Vol. II, p. 398, some 
of these fundamental principles are dealt with. 

Draftsmen's Tools, Drawing Paper, and Materials. — 
A draftsman, in his work, employs tools that are as 
distinct and specially designed for their piupose as are 
the tools used by the machinist or toolmaker in his work. 
These tools are designed with a view of neat and accurate 
representation of the objects to be drawn; hence they 
provide means primarily for drawing straight lines and 
circles, for drawing lines at right angles to each other, 
and for drawing lines at any predetermined angle. The 
tools required by the draftsman are described in the 
article Drafismen's Tools, Vol. II, p. 401. This article 
can be used as a guide by anyone stud3dng mechanical 
drawing and equipping himself with the required tools, 
as it advises not only the kinds of tools that are required, 
but also the types most useful for ordinary work. 

Drawings are made on special kinds of paper produced 
for drafting purposes only. These papers are usually 
much heavier than ordinary paper and of a coarser finish. 
There are many different kinds of drawing papers varying 
in price and quality and intended for different classes of 
drawings. The draftsman who has anything to do with 
the selection of drawing paper will, therefore, find in the 
article on Drawing Paper, Vol. n, p. 430, such infor- 
mation relating to the different kinds as will be useful to 
him. When diagrams for facilitating calculations to be 
made in the drafting-room or for recording tests are 
frequently made, Logarithmic Paper, Vol. IV, p. 239, 
will be foimd convenient. 

Tracings and Blueprinting. — In most shops, a paper 
drawing is not sent directly into the factory, because, if 
this were done, it would soon become soiled and torn. 



and would be unfit for further use. Tracings — that is, 
drawings made on specially prepared transparent cloth 
or paper — are, therefore, made from the drawings, and 
from these tracings, blueprints or copies made in a 
manner similar to photographic copies, by the action of 
light, are then produced. These blueprints are sent into 
the shops. It is evident that this is a great convenience, 
because as many blueprints as are required can be made 
from time to time from the tracings, and yet the original 
drawing and tracing remain in a good condition. The 
methods of making tracings are briefly described in the 
article on Tracings, Vol. VI, p. 301, and blueprints and 
blueprinting are dealt with in the article on Blcte- 
printing, Vol. I, p. 392. 

The Art of Machine Design. — The knowledge of how 
to make drawings is, however, a comparatively small part 
of that necessary for a designer in his work. The art of 
a machine designer is one which it is difficult to define. 
He is, to a certain extent, an inventor, but he is also 
largely an adapter of former inventions to his present 
design, and generally his abilities as an adapter are far 
more valuable than his abilities as an inventor. Practi- 
cally, machine design does not consist so much in invent- 
ing radically new devices as in adapting old and well- 
known mechanisms and principles to new uses, and 
arranging them in different relations to each other, so 
as to perform new functions. Sometimes work of this 
kind may be classed as invention, but, as a rule, it is not. 
Invention is the devising of an entirely new mechanism 
or an application of mechanical principles in a radically 
new manner. Inventions are new departures, while 
machine designing generally consists of adapting well- 
known principles to new arrangements and functions. 
This distinction between designing and inventing by no 
means lessens the importance of the work of the machine 
designer. ' It is often as difficult, and certainly as im- 
portant, to be able to apply known and tried devices and 
methods to perform new operations as it is to devise 
something entirely new. As an example, in the con- 
struction of a machine requiring a friction clutch, the 
experienced designer wotdd endeavor to so arrange his 
machine that he could employ a dutch of standard make, 
rather than to attempt to invent one himself. The 
adaptation of machines to the use of standard parts, 
whenever they can be used, is the most economical 
method of building machines. The machine designer 
who insists upon making original designs of his own for 
aU mechanisms required in his machines is a less efficient 
man than one who confines his work to the arrangement 
and modification of devices already known to give satis- 
isjctory service and thoroughly tried out in practice. 
The best qualification of a machine designer, therefore, 
is not his ability to invent, but his ability to make proper 
use of existing inventions. When with this ability is 
coupled a fair degree of inventive ability, he becomes a 
highly efficient man in his trade. 

Machine Design and Strength of Materials. — In the 
same way as arithmetic contains the basic principles of 
all other mathematical study, so a knowledge and imder- 
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standing of the strength of materials is a basic require- 
ment in the art of machine design. Without this 
knowledge, it would be impossible to proportion machine 
parts to properly perform their fimctions, except by 
previous experience with parts of certain proportions 
that have proved strong enough; but when new machines 
of different proportions would have to be built, there 
would be no certainty that the parts would be strong 
enough for their work, and if they were made of such 
large proportions that they would be certain to be amply 
strong enough, there might be a great deal of waste of 
material, which would bring up the cost of the machine 
in an unnecessary degree. In the case of structures such 
as bridges, it becomes absolutely necessary to have 
means for calculating the strength, because an improperly 
proportioned bridge might even fail tmder its own 
weight, not to mention the weight of the load that might 
be placed upon it when in use. To the successful 
machine designer, therefore, one of the most important 
subjects of study is that which will enable him to 
determine the stresses to which a machine member 
is subjected, in order that it may be given adequate 
strength for the purpose intended. 

There are many instances when it is not necessary to 
calculate the strength of a part in the design of a machine, 
while in other instances it is highly desirable, or necessary, 
that this should be done. Whenever calculations can 
be convem'ently made, they should be carried out; but 
successful designs and the results of practical experience 
should be compared with the calculated results wherever 
possible, as in this way theory and practice can be made 
to supplement each other. There are many practical 
conditions, especially when such metals as cast iron are 
dealt with, that require consideration in addition to mere 
calculated strength, and in all cases when machine parts 
are exposed to excessive wear, this factor must be con- 
sidered also. Sometimes wear is more important than 
strength. This applies often in the design of gear teeth. 
It should, therefore, be understood that, while the subject 
of the strength of materials is highly important and one 
which the machine designer cannot afford to ignore, 
there are no hard and fast rules to follow for many 
problems relating to the strength of materials, but judg- 
ment and experience will always prove valuable aids to 
the designer. 

Strength of Materials and Theory of Stresses. — In 
the section Strength of Materials, Vol. VI, p. 95, the 
principal methods used in calculating the strength of 
parts used in machine design and engineering work are 
given in as simple a manner as possible. While the 
formulas used are given in such a shape that they can 
be directly employed by the practical man, it should be 
imderstood that it is not possible to study this subject 
unless the student is familiar with the use of Formulas, 
Vol. in, p. 201; and some of the more advanced parts 
of the subject require an understanding of the principles 
of Algebra, Vol. I, p. 60, and Equations, Vol. lU, 
p. 67. 

The science of strength of materials comprises not only 



a knowledge of the actual strength of different metals 
and materials in tension, compression, or torsion, but 
also the methods by means of which the strength of 
machine parts shaped in different ways may be deter- 
mined. In many instances, it is not possible, however, 
to give a formula that can be directly implied. The 
subject is not as simple as that, but requires considerable 
study in order to enable the user to properly empby the 
various methods and formulas. When a part is sub- 
jected to a straight pull or tension, or a direct pressure 
or compression, the problem is very simple, but when 
subjected to bending, as in the case of beams, the subject 
is more difficult. (Any part of a machine and structure 
supported or held at one or more points and having a 
load applied at a point which is not directly supported, 
ismechanicaUy knownasa ''beam.") It is not possible 
to state the strength of a material in bending in the same 
way as we can say that it has a strength of 60,000 pounds 
per square inch in tension or compression. The methods 
that the machine designer must employ in calculating 
his safe load for a part subjected to bending, however, 
are explained in the general article on Strength of 
Materials, imder the headings Bending Stresses and 
Bending Moments, Vol. VI, pp. 103 and 104. A com- 
plete collection of formulas required in beam calculations 
is given in the article on Beams, Vol. I, p. 264. In 
practice, beams are generally made from structural steel * 
shapes. These steel shapes have been standardized by 
the steel companies, and, in designing a beam, tables 
giving the dimensions and properties of these standard 
shapes are of great value. Information relating to them 
is given in the Encyclopedia under the headings 
Structural Steel (Vol. VI, p. in); Angles, Struc- 
tural (Vol. I, p. 9s); Channels, Structural (Vol. n, 
p. 81); I-Beams (Vol. IV, p. 4s); and Z-Bars (Vol. VI, 
p. 563). In these articles, the dimensions are tabulated, 
together with such data as will make the calculation of 
the strength of these structural sections more convenient. 
Crane and Crane Girder Design. — As a specific 
example of beam design and its important relation to 
machine design, the design of crane girders may be 
mentioned. It is, of course, of the greatest importance 
that crane girders be made strong enough for the maxi- 
mum load that the crane is intended to lift. It is also 
important that the amoimt of material used in the 
girder does not exceed that which is necessary for its 
strength, as an excessive amount of material would 
increase the cost without increasing the usefulness of the 
crane. There are many different types of crane girders 
in use, and the application of the principles of the 
strength of materials and the loads and stresses appli- 
cable to beams are well exemplified in their design. 
Crane girders for overhead traveling cranes are, there- 
fore, dealt with in a complete article in the Encyclo- 
pedia imder the heading Crane Girders, Vol. II, p. 
257. The subject of crane design, in general, offers one 
of the best practical applications of the theory of the 
strength of materials, and is dealt with in the section on 
Crane Design, Vol. n, p. 232. Another important 
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application to machine design is found in the article 
Punch and Shear Frame Design, Vol. V, p. 213. 

Compound Stresses. — While most of the laws and 
principles relating to the strength of materials have been 
well known for many years, there are constantly new 
fields being investigated that have not been thoroughly 
explored in the past. Among these is the subject of 
compound stresses, that is, the effect on a machine part 
that is simultaneously subjected to pulls or pressure in a 
number of different directions. This subject belongs to 
a more advanced stage in the theory of machine design, 
and has only recently been fully understood. The 
present stage of the knowledge on this subject is ex- 
plained in Vol. VI, p. 107. 

Factor of Safety. — In machine design, it is not suffi- 
cient to provide a part that is just strong enough for the 
stress that would be placed upon it; it must be suffi- 
ciently stronger, so that it will not break after continued 
use, or if subjected to shocks or unusual accidental 
stresses. To provide for such contingencies, a factor of 
safety is introduced into the design. This factor of 
safety differs according to the uses of the machine part. 
It is less for a steady load than for loads that increase 
and decrease in amount, and it must be much greater 
for parts subjected to shock than for any other condition. 
It must also be greater for brittle materials than for those 
of a more tenacious structure. It is one of the important 
considerations in machine design, and a thorough imder- 
standing of the factor of safety is of importance in the 
successful use of any of the formulas or principles 
involved in the calculation of the strength of machine 
parts. The subject is completely dealt with in the 
article Factor op Safety, Vol. Ill, p. 92. 

Flat Plates, Cylinders, and Columns. — There are a 
number of conditions in machine design which are not 
susceptible to an accurate mathematical treatment and 
for which formulas based upon experience have been 
developed — so-called " empirical " formulas, which are 
not developed by theoretically accurate means. Among 
these, the most important are the formulas that have 
been developed for the design of cylinders subjected to 
mtemal pressure, for the design of flat plates supported 
at their edges and subjected to pressure inside of the 
supporting area, and for columns or struts. The 
strength of cylinders subjected to internal pressure has 
been very thoroughly investigated, and very careful tests 
have been made so that the formulas developed for the 
calculation of steam and hydraulic cylinders may be 
considered quite accurate for practical purposes. This 
subject is dealt with under Cylinders, Strength of. 
Vol. n, p. 299. In the case of flat plates subjected to 
pressure, as, for example, cylinder heads, the condition 
is not so satisfactory, as the numerous formulas produced 



for this work do not agree very closely, and the tests that 
have been made have not led to the development of 
universally accepted methods of calculation. The 
various formulas that have been developed from time to 
time by investigators of the strength of flat plates are 
given, however, in the article on Flat Plates, Vol. Ill, 
p. 154. In the case of colunms or struts, the great 
importance of this subject in structural work has led to 
very thorough investigations and very satisfactory 
formulas have been developed. These are given in the 
article Columns or Struts, Vol. 11, p. 168. 

The Testing of Engineering Materials. — The strength 
of a material in itself, such as steel, brass, copper, etc., 
cannot be calculated, but must be determined experi- 
mentally before calculations can be made on the strength 
of parts made from that material. These experiments, 
however, need not be made by the machine designer, 
because such experiments have been carried out in the 
past with practically every known engineering material, 
and are recorded in tables in all engineering handbooks, 
as well as in the Encyclopedial. The strength per square 
inch varies, of course, with the quality of the material, 
but, within certain limits, the experimental values that 
have been developed may be considered as accurate for 
any ordinary material, and as the factor of safety must 
be assumed great enough to allow for any reasonable 
variations, the flgures given in tables of ultimate strength 
for any of the well-known materials may be used as a 
working basis for all caloilations of this kind. When 
new or imusual materials are used, however, the designer 
should not make important parts from these materials 
without having ascertained their strength, and thus 
made sure that they will be found suitable for the pur- 
pose for which he intends them. 

The strength is ascertained by means of testing 
machines which are made to test materials in tension, 
compression, and torsion, as well as for shearing strength 
and impact. When the hardness of a material is of 
importance, hardness tests are made by a number of 
different methods. The principles involved in the 
making of tension, compression, shearing, torsional and 
other tests are explained in the articles Testing 
Materials (Vol. VI, p. 224); Hardness Testing (Vol. 
in, p. 527); and Impact Tests (Vol. IV, p. 46). In 
order to make these tests comparable with other tests, 
certain dimensions of test-bars have been adopted, and 
the exact tests to which these test-bars must be sub- 
jected have been prescribed. The American Society for 
Testing Materials as well as the International Society for 
Testing Materials have done a great deal of work in this 
direction. Cast iron is especially an imcertain material, 
and tests are frequently made on test-bars from each 
cast. (See Arbitration Bar, Vol. I, p. 109.) 
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R^ ANY of the complicated machines now used for per- 
fonningy automatically, different manufactiuing 
operations are very impressive when seen at work, because 
of the rapidity with which the raw material is shaped into 
the finished product. If a machine of this kind were 
taken apart and each detail examined in order to dis- 
cover what the wonderful features are, the miscellaneous 
collection of bolts, keys, pins, shafts, pulle3rs, gears, levers, 
and slides, when viewed separately, would not be so 
impressive, but they would illustrate an important fact 
regarding the design or construction of any machine; 
namely, that it is a step-by-^tep process; and a knowledge 
of the subject must be acquired in the same way. Many 
machines, when assembled, seem hopelessly complex, 
and one might naturally wonder how such an intricate 
mechanism could be devised or built. The experienced 
designer knows that work of this kind requires an inti- 
mate knowledge of machine details and of the practicable 
methods of combining the details to secure different re- 
sults. The old adage that a '* chain is no stronger than 
its weakest link" also applies, in principle, to some 
machines, which are not better than the least satisfactory 
detail. 

Method of Studying Machine Design. — After the 
fundamental principles of machine design are imder- 
stood, the student should study the various details which 
are used to form different classes of mechanisms, begin- 
ning with those adapted to general use and continuing 
with more special mechanical features. It is advisable 
to supplement this branch of study by reading descrip- 
tions of all kinds of mechanisms and machines, in order 
to obtain a general knowledge of the methods of com- 
bining various details for transmitting motion, for 
controlling motion, for obtaining changes of speeds, and 
to secure many other results and effects essential in the 
operation of different classes and forms of mechanisms. 
Some of the more important articles pertaining to 
machine details are referred to in the following pages, 
and throughout the Encycxopedia will be found various 
classes of mechanisms which show different ways in 
which these details may be applied. 

Bolts, Nuts, and Screws. — Most machine parts are 
held together by bolts or screws, which are usually made 
in accordance with generally recognized standards. 
The article on Bolts and Nuts, Vol. I, p. 453, includes 
tables for United States and Whitworth standard 
threads, bolts, and nuts. That part of the article on the 
working strength of bolts is of espedal importance to 
students of machine design. When machines are sub- 
jected to constant vibration and jarring, the nuts on 
bolts tend to work loose unless special provision is made 
for holding them in place; in fact, the loosening of nuts 
and bolts due to constant vibration has been the cause 



of much trouble and damage. The result is that a great 
many nut-locking devices have been devised. Many of 
the more important types are illustrated and described 
in the article on Lock-nuts, Vol. IV, p. 222. General 
information on different forms of screws and bolts will be 
found in Vol. V, p. 324, which deals with various classes 
of machine screws, cap-screws, studs, set-screws, bolts, 
and wood-screws. 

Keys, Cotters, and Pins. — Keys represent another 
common form of fastening device, and are used on 
practically all classes of machinery to hold parts in fixed 
positions relative to each other. Keys are indispensable 
as a means of preventing relative rotation between 
shafts and pulle3r5, gears, etc. The various methods of 
applying different types of keys are explained in the 
article on Keys and Cotters, Vol. IV, p. 144. This 
article is also accompanied by considerable data on the 
proportions of different types of keys, and includes 
general rules for determining key sizes, information on 
key fitting, the measuring and gaging of ke3rways, the 
effect of keyways on the strength of shafts, methods of 
applying cotters, and cotter-pins. 

In the construction of some kinds of machinery, taper 
pins are used to hold parts in a fixed position or to 
prevent relative movement. The article on Tapes 
Pins, Vol. VI, p. 180, includes the standard dimensions 
of various sizes adopted by the principal manufacturers 
of such pins. 

Machine Handles and Handwheels. — In the opera- 
tion of many classes of machinery, and especially those 
included under the general heading of "machine tools," 
hand adjustment of tool-slides, carriages, etc., are often 
necessary. The general efficiency of a machine may be 
considerably affected by the design of the handles, levers, 
or handwheels with which it has been equipped, especially 
if the machine is manipulated frequently, or entirely, 
by hand. In coimection with the article on Handles, 
Vol. Ill, p. 503, a munber of the more commonly used 
handles of the crank and plain lever types are illus- 
trated, and their special application noted. The article 
on Handwheels, Vol. Ill, p. 510, also includes some 
important information on this subject. 

Shafts. — There are com{)aratively few types or 
designs of machines which do not have one or more 
shafts as a means of transmitting motion, either directly 
or through gears, pulleys and belts, or sprockets and 
chains. The use of shafting in a design involves a con- 
sideration of the stresses to be imposed on the shaft and 
the means of supporting and holding it in position. The 
principal stresses to which shafts are ordinarily subjected 
are usually torsional or twisting stresses, but, in some 
cases, it is necessary to consider the bending stresses, or 
the combined torsional and bending stresses, as, for 
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example, when a shaft supports a very heavy pulley. 
Reference should be made to the section on SHAFrxNG, 
Vol. V, p. 331, for the general formulas for torsional 
strength and for the procedure when there are bending 
stresses, or combined torsional and bending stresses, of 
sufficient mi^piitude to require consideration. Shafts 
are often used for transmitting motion from some part 
which must be free to move either for occasional adjust- 
ment or to permit a feeding movement for a cutting tool 
or grinding wheel. If the motion were always in line 
with the axis of the shaft, some form of telescopic con- 
nection could be employed, but movements in other 
directions require either flexible shafting (see Vol. Ill, 
p. 156) or some fonn of universal joint (see Vol. VI, p. 

375). 
The methods of supporting shafts vary considerably. 

The lineshafting used in many machine shops and 
factories for the distribution of power revolves in bear- 
ings carried by shaft hangers, which may either h& 
attached to overhead floor beams or to rows of vertical 
posts or coliunns (see Hangers, Vol. UI, p. 512). The 
bearings for very heavy shafting and for the various 
kinds of shafts used in different classes of machines vary 
greatly, the design depending upon such factors as the 
load, the speed, the location of the bearing relative to 
injurious substances, the necessity of providing for 
endwise thrust, and other important points that must be 
considered in connection with bearing construction and 
design. 

Couplings and Clutches. — When a long, continuous 
line of shafting is required for distributing or transmitting 
power to many different machines in a shop or factory, 
such a shaft is built up of sections, the ends of which are 
joined together by couplings. These couplings are so 
designed that the shaft ends are rigidly held together, 
and the entire line of shafting rotates as a imit. Some 
couplings, instead of forming rigid connections, are so 
designed that one shaft section is permitted a slight 
movement relative to the adjoining section. This 
flexibility in the connection may be desirable to com- 
pensate for slight changes in alignment or to provide 
enough flexibility in the drive to reduce the shock when 
starting the driven member. Various classes of rigid 
and flexible couplings are described in the section on 
Couplings, Vol. n, p. 228. 

When a coupling is so designed that two shafts may be 
connected or disconnected at will, it is dassifled as a 
"clutch." Clutches of various kinds are used exten- 
sively as a means of controlling motion, in connection 
with the starting or stopping of machines, etc. The 
section on Clutches, Vol. II, p. 132, deab with different 
t3rpes of positive clutches, or those having teeth which 
interlock; various kinds of friction dutches, or those 
which transmit motion by the frictional resistance 
between engaging surfaces; dutches which are tripped 
or disengaged automatically; automobile transmission 
clutches; magnetic clutches, etc. This section indudes 
information of value to the man in the shop as well as 
the designer of machinery. 



Bearings for Revolving Parts. — There are few subjects 
related to the design or construction of machinery which 
are of greater importance than the subject of bearings, 
especially if high speeds are necessary or the bearings 
must withstand heavy ladial or endwise loads. An 
unsatisfactory bearing may stop a machine, cause a shop 
or factory to shut down temporarily, or tie up a railroad. 
The trouble may be the result of faulty design, inaccurate 
construction, lack of lubrication, or inadequate protec- 
tion from gritty material. The design of bearings, in 
general, may be affected by the dass of machine or 
mechanism on which the bearings are required; the 
nature of the load; the speed; the importance of re- 
dudng friction to a minimum; the means of lubrication; 
the necessity of protecting the bearing from fordgn 
matter which might enter it and injure the bearing 
surfaces; the kinds of metal for the bearing surfaces; 
and the relation between the general requirements and 
cost of the machine as a whole, and the type of bearing 
that is practicable. The section on Beakings, Vol. I, 
p. 305, should be read first, as it is in the nature of a 
general treatise covering types of bearings for radial and 
endwise loads; frictional resistance; the generation of 
heat in bearings; the effects of proper lubrication; and 
how bearings are proportioned relative to the load and 
speed. 

The flat bearing surfaces of machine slides vary so 
widdy in form and size, and are so dependent upon the 
design and particular requirements of each t3rpe of 
machine, that they are not dealt with in a separate 
artide. One of the essential featiures of slide bearings, 
in general, is the means of eliminating lost motion. Any 
appredable amount of play is particularly objectionable 
in the slides used on different classes of machine tools, 
espedally when the accuracy of the work is dependent 
upon the movements of slides. The general method of 
compensating for wear is by means of wedge-shaped 
strips called ''gibs." These gibs are applied in various 
ways and differ considerably in form and in the method 
of adjustment. (See Gibs, Vol. Ill, p. 412.) 

Ball and Roller Bearings. — Friction is one of the 
greatest causes of waste in the mechanical field, as it 
wears out machinery and wastes energy without accom- 
plishing useful work. Mechanical friction is always a 
resisting force, and sometimes the designer of machinery 
provides means of increasing it, as, for example, when 
the transmission of motion or power is dependent upon 
the frictional resistance between two surfaces in contact, 
as in the case of friction gearing, friction dutches, or a 
belt operating on pulleys. In most cases, however, one 
of the important problems in machine design is to 
eliminate friction as far as possible, in order to increase 
the effidency of the machine and conserve energy for 
useful work. The man who first applied wheels to a road 
vehide discovered that much less effort was required to 
roll a load along than to slide or drag it. Ball and roller 
bearings are based on that prindple. These bearings are 
now applied to so many different classes of machinery 
that a general knowledge covering their design and the 
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methods of utilizing different types is essential to every- 
one interested in the subject of machine design. In the 
application of such bearings to a machine, it is also 
essential to mount them correctly and in accordance with 
the characteristics of different types of bearings. The 
section on Ball Bearings, VoL I, p. 209, covers the 
various points pertaining to the design and application 
of bearings of this class, including both radial and thrust 
bearings; methods of moimting them; their application 
to different classes of machinery; and suitable lubricants 
for ball bearings. In connection with this general 
treatise, the article on Ball Manufacture, Vol. I, p. 
225, and also the article on Ball Race Grinding, Vol. I, 
p. 241, will be found instructive, since they deal with 
unusual manufactimng operations that require special 
processes and machines. 

Roller bearings operate on the same general principle 
as ball bearings, but cylindrical or conical rollers are used 
instead of spherical balls. Bearings of this type are 
designed either for radial loads, for combined radial and 
endwise or axial loads, or for withstanding endwise thrust 
exclusively. A general treatise on roller bearings will be 
found in Vol. V, p. 274. 

Bearing Lubrication and Protection. — Bearings may 
be carefully designed with reference to the loads they 
will have to support, and in such a way that any neces- 
sary adjustment can readily be made, but if the means of 
lubricating the bearing surfaces have been neglected or 
slighted, the effects of this neglect will generally be dis- 
covered first after the machine has been constructed and 
is in use. The skilled designer anticipates trouble and 
prevents it, but such ability and foresight must be de- 
veloped by a study of the principles and facts demon- 
strated by experience and practical tests. While the 
subject of lubrication has alwa3rs been an important one, 
it requires more attention at present than ever before, 
because of the higher speeds and more severe conditions 
of service which now prevail in the operation of many 
classes of machinery. In providing a lubricating 
method, it is essential to consider the provision of an 
unfailing supply and a reliable system of distributing the 
lubricant to the bearing surfaces. In the section on 
Bearing Lubricating Methods, VoL I, p. 280, will be 
found information on various methods of suppljdng and 
distributing lubricants to different types of bearings. 
A great many bearings will be subjected to the abrading 
action of gritty material unless they are properly pro- 
tected. This is especially true of machineiy used in 
manufactiuing processes which produce a considerable 
amount of dust. In the operation of grinding machines 
or metal-cutting tools, the dust from the grinding wheels 
or the fine chips from the tools often cause bearing 
troubles when the bearing surfaces are not protected. 
(See Bearing Protecting Devices, Vol. I, p. 300.) 

Pulleys and Flywheels. — The pulleys used in shops 
and factories and on different kinds of machinery for 
transmitting motion or power by belting may be made 
either of cast iron, wood, or steel, and they may also vary 
in regard to the shape of the rim, the niunber and 



arrangement of the arms or spokes, and other details of 
construction (see Pulleys, Vol. V, p. 180). Cone- 
pulleys represent a special class which has been used 
extensively on many t3rpes of belt-driven machine tools 
for obtaining speed variations. Cone-puUeys are usually 
made so that there are equal differences between the 
* diameters of the steps or sections forming the pulley. 
This simple method of designing a pulley, however, will 
not alwa3rs give satisfactory results, as explained in the 
article on Cone-pulley Design, Vol. II, p. 184. The 
object is to so proportion the different steps of the driving 
and driven pulleys that a belt of fixed length will have 
practically the same tension for any position on the 
pulleys. 

A great many machines would not operate properly 
without a flywheel or balance wheel. The purpose of a 
fljrwheel is to cause steadiness of action by preventing 
sudden changes of velocity, by storing up energy which 
rfran be utilized either when the source of power diminishes 
or the resistance to motion increases, flywheeb are 
used on such a variety of mechanisms that they are made 
in all sizes ranging from a few inches in diameter to 15 
or 20 feet or more. The care with which the flywheel 
must be designed and constructed depends largely upon 
the speed at which it must rotate, or the rim velocity. 
The section on Flywheels, Vol. Ill, p. 160, contains 
general information on different types or designs of fly- 
wheels, the materials used in their construction, the safe 
speeds at which they may be operated, and includes 
formulas applicable to the design of flywheels for steam 
engines, gas engines, and pimching and shearing ma- 
chinery. 

Design of Gearing. — Problems relating to the design 
of various classes of gearing are probably encountered 
more often than any others, both by draftsmen and 
machine designers and by men in the shop. The design 
of gearing, in general, usually depends upon such factors 
as the relative positions of the driving and driven gear 
as required by the location of the gear shafts in the 
machine, and also upon the relative speeds of the driving 
and driven gears, as well as upon the amoimt of power to 
be transmitted. If the shafts are parallel, spur gears 
would ordinarily be used. If the shafts are at an an^e, 
but in the same plane, or only slightly offset, bevel gears 
would probably be used, whereas, if they are at an angle, 
but quite widely separated, spiral gearing or worm 
gearing might be employed. 

Every machine designer should imderstand thoroughly 
the principles of gear design, the particular advantages 
of different types of gearing and the conditions governing 
their use, how gears may be applied in various combina- 
tions either for obtaining speed changes or for securing 
a decided increase in the effective power transmitted, or 
a great reduction or increase of speed, what materials are 
adapted to gear construction, and the general methods 
of producing gears on a commercial basis. The subject 
of gearing is covered completely in the Encyclopedl\, 
because it is important to almost every one engaged in 
mechanical work. The following articles include the 
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principal sources of information and constitute a com- 
plete treatise on both the theory and practice of gearing: 
Spur Geaiung, Vol. V, p. 501; Stub-tooth Gears, 
Vol. VI, p. 1 1 1 ; Internal Gears, Vol. IV, p. 75 ; Bevel 
Gearing, Vol. I, p. 352; Spiral Type Bevel Gears, 
Vol. V, p. 470; Skew Bevel Gears, Vol. V, p. 367; 
Worm Gearing, Vol. VI, p. 541; Hindley Gearing, 
VoL rv, p. 7; Spiral Gearing, Vol. V, p. 461 ; Herring- 
bone Gears, Vol. m, p. 544; Intermittent Gearing, 
Vol. IV, p. 72; Ratchet Gearing, Vol. V, p. 232; 
Epicyclic Gearing, Vol. HI, p. 64; Eccentric Gears, 
Vol. n, p. 518; and IIluptic Gears, Vol. in, p. 50. 
These articles are intended primarily for the designer of 
gearing, although they contain much practical informa- 
tion of use to the machinist or shop foreman. The 
different types of machines used for gear cutting and the 
methods of using them are referred to in separate articles 
in Vol. in, pp. 322 and 331. 

Design of Cams. — Whenever a machine part requires 
a complex or irregular movement, the motion is usually 
derived from some form of cam; in fact, the most com- 
plicated forms of mechanisms, especially of the classes 
that perform a series of operations automatically, receive 
their intricate movements from cams of different forms. 
After the principle of cam design is understood, it is 
comparatively easy to obtain almost any motion likely 
to be required. The section on Cam Design, Vol. I, p. 
530, describes how to lay out both disk or plate cams and 
cylinder cams, for obtaining different mechanical move- 
ments. One of the most interesting applications of cams 
is foimd on automatic screw machines. The article 
Cam Design por Screw Machines, Vol. I, p. 542, 
explains how a set of cams would be laid out for a given 
operation on a Brown & Sharpe machine, and includes 
general information on this subject which will prove 
helpful in the design of cams generally. 

Design and Use of Springs. — Springs, as applied to 
the design of machineiy in general, may be used either to 
absorb shocks, to hold parts in a given position, but 
provide sufficient flexibility to permit movement, or to 
impart motion to a plunger, lever, or slide, at a pre- 
determined point in a cycle of movements, by tripping 
or releasing a compressed spring. The springs of 
automobiles, railway cars, and locomotives are examples 
of their application primarily as shock absorbers, and 
illustrations of the other uses referred to will be found 
in numerous designs of tools and machines described 
throughout the Encyclopedia. The inventor or ex- 
perienced designer appreciates the value of springs as a 
simple and inexpensive means of controlling the action 
of some movable part, notwithstanding the fact that 
springs are often considered objectionable and may be a 
source of trouble, particularly if substituted for more 
reliable forms of construction. If springs are used with 
judgment, however, and are properly applied, they will 
often prove the only practicable means of accomplishing 
a desired residt. Springs of various forms are found on 
machines of the best quality and workmanship. The 
section on Springs, Vol. V, p. 492, is a complete treatise 



on the subject and covers different types of springs, the 
materials used in their construction, formulas for deter- 
mining safe loads, and the amount of deflection when 
subjected to a given load. (See also Spring Coiling, 
Vol. V, p. 480.) 

Locking Devices for Machine Tools. — Many of the 
machine tool slides and spindles of the class which 
are adjustable, but not necessarily in motion when the 
machine is in use, are provided with some means of 
holding them rigidly in position. The function of the 
damping or locking device may be simply to eliminate 
vibration, or the object may be to hold a slide, turret, or 
gear in a definite position relative to other parts of the 
machine. Many different designs and types of locking 
devices are shown in connection with the article Clamp- 
ing OR Locking Devices por Machine Tools, Vol. II, 
p. 123. Appliances of a somewhat different class are 
described in the article on Centering Mechanisms, 
Vol. II, p. 40. 

Stopping and Reversing Mechanisms. — Many types 
of machine tools, as well as other classes of mechanisms, 
require some form of mechanical device either for limiting 
the movement of a machine part or to cause a reversal 
in the direction of motion. In the case of machine tools, 
it is often necessary to control the motion of a tool-slide 
in. this way, either to insure stopping the cutting action 
of a tool at a definite point, or for some other reason. 
The feeding mechanisms of many machines are arranged 
for automatic disengagement at any predetermined 
point, and there are numerous other examples or applica- 
tions of stop and tripping devices. A reversal of motion 
is also essential to the operation of many machines. 
The reversing mechanism may be so arranged that the 
reversal of motion occurs at a fixed point in the cycle of 
movements, or the construction may be such that the 
time of reversal can be varied at will by adjusting or 
changing the positions of dogs or tappets, which are 
attached to the movable part and control the action of 
the reversing mechanism. Various designs of mechanical 
devices of the classes referred to are described in the 
article Stops, Trips, and Reversing Mechanisms, Vol. 
VI, p. 84. 

Brakes and Brake Design. — Brakes are not applied as 
generally in machine construction as most of the other 
details previously referred to, their principal application 
being to railway cars, locomotives, automobiles, and to 
the different classes of hoisting machinery. The energy 
of the moving or revolving part, to which a brake is 
applied, is absorbed by the frictional resistance of the 
braking surfaces. The brake may be intended, pri- 
marily, to arrest the motion quickly, or to control it and 
prevent excessive speed, as when a heavy load is being 
lowered by some form of hoisting apparatus. In the de- 
sign of brakes, it is essential to consider the means of ap- 
plying the braking pressure, the frictional resistance of the 
braking surfaces, and the dissipation of the heat gener- 
ated when the brake is applied, the latter feature being of 
particular importance if long applications of the brake 
are necessary. (See Brakes, Vol. I, p. 479.) 
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f RON and steel are so dosdy interwoven with every 
phase of modem life that it is impossible to appreciate 
their full importance and value. Almost everything 
that we use or see about us is related in some way to iron 
or steel. These materials are connected with every 
sphere of human activity, and the progress of the world 
has been dependent upon them. Practically all manu- 
factured articles, if not made wholly or partly of iron or 
steel, are products of a machine constructed principally 
of iron and steel; in fact, the machine is back of nearly 
everything which goes to make up present-day civiliza- 
tion. Every means of transportation, every implement 
or apparatus, every building and its contents, and the 
imiumerable things which enter into our economic life, 
represent, in various degrees, the work of machines which 
are usually made almost entirely of iron or steel. Even 
the page on which these words are printed is a machine- 
made product, and one can scarcely look in any direction 
without seeing something that the human brain has 
created by means of some form of mechanical apparatus. 

Abundance of Iron Ore Deposits. — Every man in- 
terested in the subject of mechanics and engineering 
should possess at least a general knowledge of the 
processes by which the crude iron ore found in the earth 
is transformed into iron and steel parts, differing widely 
in their physical properties and industrial applications. 
With the exception of aluminum, the deposits of iron are 
larger than those of any other metal. The use of iron 
antedates the beginning of authentic history. It is 
generally supposed that copper and bronze were used 
before iron, notwithstanding the fact that the process 
of eictracting copper and alloying it with tin to form 
bronze required greater metallurgical skill than the 
smelting of iron ore. Some authorities, however, con- 
tend that the use of iron antedates that of copper or 
bronze simply because it is more easily obtained from the 
crude ore. While there is no definite information on 
this point, it is interesting to know that in the records of 
the Egyptians reference is made to the manufacture of 
iron, which was doubtless done on a very small scale. 
Some of the ancient sources of iron ore supply were 
India, the island of Elba, the south coast of the Black 
Sea, Algeria, and Spain. Iron ore for the industries of 
both Greece and Rome were obtained from Elba and 
from other deposits; some of these ancient sources of 
supply have been of considerable importance in modem 
times. More iron ore is now obtained from the deposits 
in the United States than from any other coimtry, most 
of this ore coming from the Lake Superior district. 

In the production of iron and steel, it is necessary to 
consider the kinds of ore that are obtained from different 
mines and districts, how they are smelted and refined to 
produce iron or sted of various grades, and how the iron 
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and steel are worked up into bars, rails, sheets, and other 
forms required by various metal-working industries. 

Iron Ore. — Iron ore, as it is extracted from the mines, 
varies considerably in value and commercial importance, 
owing to differences in the percentage of iron and other 
elements. While the amount of iron in the ore is the 
first consideration in determining its value, the other 
elements are also of considerable importance. Informa- 
tion regarding iron ore and its various commercial grades 
will be found in Vol. IV, p. 84. This section on iron ore 
deals with the composition and characteristics of different 
grades, the elements other than iron and their effect on 
the industrial value of the ore, and the different processes 
for improving ores before smelting. 

Blast Furnaces. — The smelting of iron ore, or extract- 
ing the iron from the other elements forming the ore, is 
done in what is known as a "blast furnace." The 
primitive method of producing iron was by applying a 
blast to a mixt\u% of wood or charcoal and ore, by digging 
a hole into the side of a bank or hill exposed to the pre- 
vailing winds so as to obtain a natural draft. Later, a 
blast of air was obtained artificially, probably by means 
of a bellows. From this crude beginning, the melting 
of iron passed through a varied evolutionary process 
which finally led to the modem blast furnace with its hot 
blast stoves and blowing engines for supplying large 
volumes of heated air, mechanical conveyors for ha^nrfling 
the fuel, ore and bars of iron, and many other ingenious 
mechanical appliances. Incidentally, the primitive 
process referred to did not result in melting the ore, the 
iron being removed from the furnace in the form of a 
plastic mass which contained much less carbon and silicon 
than the pig iron produced at the present time, and which 
was adapted for forging; consequently, the process was 
practically that of producing wrought iron directly from 
the ore. 

In the operation of a modem blast furnace, the furnace 
proper is charged with a suitable mixture of ore, fud 
(usually coke), and a flux; heated air is forced through 
the "charge" by blowing engines, and the ore is melted 
as the oxygen of the air causes combustion of the carbon. 
The melted iron, as it is drawn from the furnace, is run 
into molds and cast into bars called "pigs" or "{ng 
iron," which is used by foundries in making castings and, 
by subjecting it to various processes, for producing 
wrought iron and all grades of steel, from ordinary 
stmctural sted to the finest quality used for edged tools. 
The section on Blast Furnaces, Vol. I, p. 377, indudes 
the devdopment of the blast furnace, a description of a 
typical form, materials used in blast funuice construc- 
tion, method of operating a blast funuice, general 
information on the fuels and fluxes used, blast furnace 
troubles, methods of drying and heating the blasts of air. 
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and the modem practice of utilizing blast furnace gas 
for the generation of power. 

Pig Iron. — The pig iron, which is obtained directly 
from the ore by means of the blast furnace, is divided into 
various classes, graded either according to its composi- 
tion, the process to which it is to be subjected, or the 
method of producing the pig iron itself. Detailed 
information regarding the various grades of pig iron will 
be found in Vol. V, p. 21. In this section, the various 
commercial names are defined and information is given 
regarding the chemical properties and uses of various 
grades. The effect of such elements as silicon, sulphur, 
manganese, and phosphorus in pig iron are also explained. 

Wrought Iron and Steel. — Before the introduction of 
modem methods of producing steel, there was a marked 
distinction between wrought iron and steel, but at the 
present time some grades of steel are so similar to wrought 
iron that the distinction is less pronounced. While iron 
is the prindpal element in both wrought iron and steel, 
the properties and characteristics of both depend upon 
the small percentages of carbon and other elements 
combined with the iron and the processes to which the 
metal has been subjected. Wrought iron, if heated red 
hot and suddenly cooled, does not harden; formerly, 
steel was defined as any combination of iron and carbon 
that would harden if heated sufficiently and then sud- 
denly cooled. This definition, if applied at the present 
time, would exclude most of the steel now manufactured, 
owing to the fact that the Bessemer and open-hearth 
processes produce large quantities of steel, for structural 
and other purposes, so low in carbon content that sudden 
cooling will not result in hardening it. Because of this 
dose relationship between wrought iron and some grades 
of steel, and owing to the fact that wrought iron is the 
basis of all sted, the student should obtain a dear under- 
standing of the distinction between wrought iron and 
sted and a knowledge of the general processes of produc- 
ing them in the various grades now obtainable. 

Production of Different Kinds of Iron and Steel. — 
The section on Iron and Steel, Vol. IV, p. 78, was 
prepared to give a general idea of the difference between 
various kinds of iron and sted, both with reference to 
their chemical and physical properties and the processes 
of manufacture. The section covers the essential and 
most important facts relating to the properties of iron, 
the manufacture of wrought iron, the difference between 
wrought iron and low carbon sted, the production of 
sted by the Bessemer, open-hearth, and cmdble proc- 
esses, and also contains general information on sted 
castings, alloy steels, cast iron, maUeable castings, and 
other subjects of importance. In conjunction with the 
study of this subject, the student should obtain more 
complete information on the methods of producing iron 
and sted by reading the following sections: Wrought 
Iron, Vol. VI, p. 555; Wrought Iron Manufacture, 
Vol. VI, p. 558; Bessemer Process, Vol. I, p. 350; 
Crucible Steel, Vol. n, p. 271; Crucibles, Vol. II, p. 
269; and Qpen-hearth Process, Vol. IV, p. 506. 

Rolling Mill Practice. — One of the important branches 



of iron and sted manufacture is that which has to do with 
the production of bars, rails, or fiat plates from the 
rough heavy ingots obtained from the puddling furnace 
in the case of wrought iron, or by means of dther the 
Bessemer, open-hearth, or cmdble processes, in the case 
of sted. These ingots are reduced, lengthened, and 
given whatever shapes are adapted to various industrial 
purposes, by a mechanical operation involving the use of 
rolling mills. When bars, rails, plates, etc., are foimed 
by rolling out comparativdy short thick ingots, the latter 
must be hot enough to be reduced readily by the rolling 
mill. Many flat plates which have been roUed while hot 
are afterwards ''pickled" to remove the scale, and are 
then given a bright smooth fim'sh by a cold-rolling opera- 
tion. Shafting, such as is used in nulls and factories, is 
also given a smooth finish after rolling, but this is done 
by a cold-drawing process, and not in a rolling mill, as 
many suppose. 

General information on rolling mills of various types, 
rolling operations, rolling mill products, and the power 
required for driving rolling mills, will be found in the 
section Rolling Mill Practice, Vol. V, p. 282. The 
special section on dectric drives for rolling mills. Vol. V, 
p. 284, should also be read, owing to the extensive use of 
motors for this work at the present time. The design 
or formation of the grooves in the rolls used for produdng 
bars, structural shapes, etc., is taken up in the section on 
Billets and Bar Passes, Vol. I, p. 369. The sections 
on Roll Turning, Vol. V, p. 287, and Roll Grinding, 
Vol. V, p. 278, contain general information on the 
methods of making rolls. 

The section Cold-rolled Sheet Steel, Vol. II, p. 
157, explains what equipment is used for produdng flat 
sted plates having a bright smooth finish, and outlines 
the entire process from the prdiminary Ann<»ftHng 
operation to the fim'shing and polishing of the cold-rolled 
sheets. In connection with this subject, the artide on 
Channeling, Vol. II, p. 78, should be read, as this deals 
with the formation of sheet metals into irregular sections 
for the manufacture of metal furniture, sted cars, auto- 
mobile rims, etc. 

Wire Drawing. — While bars of iron or steel are 
produced by a rolling process, this is not a practicable 
method of redudng bars down to what is known as'' wire.'' 
In the manufacture of wire, rolled bars are still further 
reduced in diameter and greatly increased in length by 
drawing them through series of dies which successively 
decrease in diameter; for information on wire drawing, 
see Vol. VI, p. 510. This same general process is applied 
to larger bars of round, square, or other shapes to obtain 
a smooth finish, accurate dimensions, and an improve- 
ment in the physical prc^serties of the surfaces of bars 
(see Cold Drawing, Vol. II, p. 147). For drawing very 
fine wires, dies made of diamonds are used, owing to 
thdr extreme hardness and resistance to wear. In 
forming the small holes in these dies, which may be 0.001 
inch or even less in diameter, considerable skill is re- 
quired (see Diamond Dies, Vol. II, p. 308), The Rod 
Casting Machine described in Vol. V, p. 272, represents 
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a spedal devdopment related to the manufacture of 
wire. (See also Wire Rod, Vol. VI, p. 519.) 

Properties of Iron and Steel. — The elements which 
enter into the structure of iron and sted greatly affect 
their physical properties and their value for industrial 
purposes. As sted has largdy replaced wrought iron 
as a material for general manufacturing purposes and 
in the construction of buildings, bridges, tools, etc., and 
as sted is made in a great variety of classes and grades, 
a relativdy large number of artides will be found 
throughout the Encyclopedia dealing with steel, and 
the chemical and physical characteristics of the various 
commerdal dasses now produced. Carbon is the most 
important element in any kind of sted, but there are 
many other elements, each of which has its own dis- 
tinctive effect on the characteristics and properties of 
the metal. This effect, however, is greatly modified by 
the relative percentages of the other dements, which may 
be present in an almost endless variety of combinations. 
The chemical laboratory is indispensable to the steel 
manufacturer, not only in analyzing the finished product, 
but in the sdection of raw materials and in controlling 
various metallurgical processes. 

Stroctura], Carbon and Alloy Steels. — In studying the 
chemical and physical properties of steel, there are three 
general classes which should be considered. These 
classes are designated as low-carbon or structural steel 
(made by the Bessemer and open-hearth processes); 
crudble or high-carbon sted (frequently referred to as 
carbon steel); and alloy steel. Reference should be 
made to the artides on Structural Steel, Vol. VI, p. 
Ill, and Carbon Steel, Vol. I, p. 557, for general 
information on the chemical and physical characteristics 
of steel, both of the class used for building and bridge 
construction and the kind used for making edged tools 
capable of hardening. While carbon is the chief element 
in all sted, the addition of small quantities of certain 
other metallic dements results in wonderful changes in 
the properties of the sted. Alloy steeb are made in this 
way (see Alloy Steels, Vol. I, p. 75, and also the special 
articles on Vanadium Steel, Vol. VI, p. 416; Titanium 
Steel, Vol. VI, p. 290; Manganese Steel, Vol. IV, p. 
320; Nickel-chromium Steel, Vol. IV, p. 490; and 
Nickel Steel, Vol. IV, p. 495). Owing to the extensive 
use of alloy sted in connection with various dasses of 
machine tools, a special section on High-speed Steel, 
Vol. IV, p. I, has been prepared. 

Properties of Wrought Iron. — Wrought iron or 
"puddled iron" is still preferred for some purposes, 
although it has been largdy superseded by mild steel. 
Its use, in many cases, may be ascribed dther to the 
natural tendency to avoid changes, or to the fact that it 



may be wdded very easily. Wrought iron is used ex-* 
tensivdy by country blacksmiths and is also employed 
for making chains and hooks for hoisting appliances. 
One important application is in the use of wrought iron 
for making tool sted by the crudble process. In this 
case, wrought iron is used instead of mild steel, because 
manganese and other undesirable dements can be more 
easily removed from the iron. As wrought iron is more 
ductile than mild sted, it is also used quite extensively 
for making rivets, horseshoe nails, and other artides 
requiring ductility. The puddling process described in 
one of the artides previously referred to is the method of 
produdng practically all of the wrought iron manufac- 
tiured. In the artide on Wrought Iron, Vol. VI, p. 
555, information is given on the characteristics of wrought 
iron, its physical properties and strength, and the results 
of tests as applied to different grades. 

Properties of Iron and Sted Castings. — When iron 
is not malleable, or cannot be drawn out or bent to 
different forms even though heated, it may be classified 
as cast iron. This term also indicates that the part 
known as a "casting" is formed by first mdting, and at 
the same time refining, the metal, which is then poured 
into molds of suitable shape. As cast iron is used 
universally in the manufacture of a great variety of 
products, induding practically all classes of machinery, 
its composition and physical properties should be 
thoroughly imderstood, especially by the draftsman or 
designer. The artide on Cast Iron, Vol. II, p. 32, deals 
with the influence of carbon, silicon, sulphur, manganese, 
phosphorus, and other dements on the quality of cast 
iron, and also contains general information on its com- 
position, strength, and its industrial applications. Sted 
castings have replaced the ordinary iron castings in 
many lines of manufacture, especially when machines 
are subjected to heavy loads and shocks; steel castings 
are stronger than either wrought iron, cast iron, or 
malleable castings (see Castings, Steel, Vol. 11, p. 30). 

A great many small castings are made of bronze or 
brass allo3rs, instead of from iron or steel, espedally where 
parts are subjected to corrosion, as in the case of pipe 
fittings, etc. General information regarding the alloys 
used in brass foundry practice will be found in Vol. I, 
p. 494, in the section on Brass Foundry Practice. 

If ordinary white iron castings are subjected to a 
spedal heat-treatment, they may be made much less 
brittle and, to some extent, malleable; in fact, malleable 
cast iron may be bent or twisted, and it is much superior 
to ordinary castings for withstanding repeated shocks. 
The composition of malleable castings as recommended 
by the Sodety of Automobile Engineers will be found in 
Vol. IV, p. 306, in the section on Malleable Castings. 
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Darts made of steel often require some form of heat- 
treatment in order to change the chemical and 
physical properties, and thus make the steel either 
softer or harder than it is after leaving the steel-maker. 
Wrought iron or cast iron may also be given some fonn 
of heat-treatment. The various processes apph'ed to 
different kinds of steel, however, will be considered first, 
since they are the most important. The general practice 
of heat-treating steel has been greatly improved and 
modified within the last two decades, especially since the 
introduction of alloy steels. The object of heat-treat- 
ment is usually to increase the degree of hardness 
(although in some ^>ecial cases the purpose may be to 
soften the metal so that it can be cut more easily) or to 
increase its ductility. 

Hardening, Tempering, and Annealing* — The heat- 
treatment processes may be divided into three general 
classes — annealing, hardening, and tempering. Anneal- 
ing softens the metal, removes internal strains, and 
prevents, partly at least, subsequent warping. The 
principal reason for hardening may be to give the part 
greater wearing qualities or, in the case of a tool, to make 
it capable of cutting other materials. The tempering 
process reduces the brittleness of hardened steel, but 
makes it somewhat softer. The exact method of anneal- 
ing, hardening, or tempering may depend upon the size 
of the work or the quantity and the grade of steel. A 
knowledge of these different heat-treating processes will 
prove of value to men engaged either in the design or 
construction of machinery. The designer who under- 
stands what can be accomplished by proper heat- 
treatment methods can often economize in the use of 
materials by specifying a comparatively cheap grade of 
steel, which, by proper heat-treatment, is made suitable 
for the particular service required. The man engaged 
in the actual work of machine construction, even though 
he may not be directly concerned with the various 
heat-treatment processes, will find that a general knowl- 
edge of them is frequently of considerable practical value. 

Differentmethodsof annealingaredescribedin a special 
article on this subject in Vol. I, p. 99. The section on 
Hardening and Teicpering, Vol. Ill, p. 512, includes 
general information on the different types of furnaces 
and liquid baths conmionly used for heating steel 
preparatory to hardening; the baths used for cooling the 
heated steel quickly in order to harden it; and the 
different methods of tempering. This article also contains 
a complete explanation of the changes that occur in the 
composition and structure of the steel incident to heating 
and cooling. This explanation of the theory of hardening 
and tempering will enable the student to more readily 
imderstand the effects obtained by different processes 
of heat-treatment. 



The quality of the high-speed or alloy steels used for 
metal-cutting toob may be greatly affected by the heat- 
treatment, and, as a general rule, it is advisable to follow 
the directions given by different steel-makers. The 
general practice in hardening and tempering steel of th^ 
class, however, is described in the section on High-speed 
Steel, Vol. IV, p. 2. The heat-treatment of alloy steels 
is dealt with in detail in the article Alloy Steels, Vol. I, 
p. 75. 

Determining Hardening Temperatures. — In the 
heat-treatment of any grade of steel, the controlling 
factor is the temperature. For instance, in order to 
harden ordinary crucible steel, it must be heated above 
a certain temperature, but, if the temperature is too 
high, the quality of the steel may be seriously affected. 
While it is important to know what the hardening tem- 
perature should be, it is also essential to have some 
positive means of determining when the work is heated 
to this desired temperature. In well-eqiupped hardening 
plants, instruments called ^'pyrometers" are used for this 
purpose. The most important types used in connection 
with the heat-treatment of steel are described in the 
section on Pyrometers, Vol. V, p. 217. Information 
is also included on the methods of testing or calibrating 
pyrometers in order to insure accurate temperature 
readings. Pyrometers in good condition make it possible 
to secure more uniform results in the heat-treatment of 
steel than could be obtained in any other way. 

Casehardening and Pack-hardening. — When wrought 
iron or a low-carbon steel needs to be hardened, this 
cannot be done by heating the part above a certain 
temperature and then cooling it suddenly, as in the case 
of crucible steel. If the wrought iron or low-carbon 
steel, however, is heated while in direct contact with 
some material rich in carbon, the outer surface of the 
metal will absorb some of this carbon, so that it can be 
hardened by the usual method. This process is com- 
monly known as "casehardening," and is especially 
applicable when a machine part should have a hard outer 
surface to resist wear, and a relatively soft, but tough, 
interior that is not brittle and liable to be broken by 
shocks. The section on Casehardening, Vol. U, p. 2, 
explains the various applications of the casehardening 
process. This section also deals with local hardening, 
or the method of hardening at only one place, the other 
parts being left soft. The article on Enamelite, VoL 
^> P' 57> ^ ^^ descriptive of a method of local harden- 
ing by using a special preparation or compoimd. 

The pack-hardening and casehardening processes are 
similar, and, while these terms are often used inter- 
changeably, pack-hardening is generally imderstood to 
mean the treatment of a high-carbon or tool steel, the 
surface of the steel being impregnated with additional 
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carbon, so that it may readily be hardened by quenching 
in oil, as described in the article on Pack-hasdeming, 
VoL IV, p. 514. 

Heat-treatment of Gears. — TTie life or durability of 
the steel gears now used extensively in the drives of 
machine tools and in automobile transmissions may be 
greatly increased by proper heat-treatment. Owing to 
the importance of this subject, it has been treated in a 
special section in Vol. m, p. 374; this article covers 
annealing methods; carburizing processes such as are 
required for low-carbon steel; the tempering of hardened 
gears; the kinds of steeb to use for hardened gears, with 
specific information on temperatures, etc., for steel of 
different grades. 

Tests for Hardness. — In many lines of manufacture 
requiring the use of hardened steel parts, it is important 
to know what degree of hardness has been obtained by 
heat-treatment. While great improvements have been 
made in hardening methods, it is not possible to harden 
duplicate parts with any certainty that they will all 
possess the same degree of hardness; in fact, there are 
often decided variations even when attempts are made to 
secure uniform results, owing to changes of temperature 
either in the furnace or quenching bath, or in the chemical 
composition of the steel. There are, therefore, various 
reasons why the hardness of steel parts should be tested. 
The object may be to determine whether a surface is 
hard enough to resist abrasion and wear; whether a 
cutting tool is hard enough to perform the required 
work; or whether there is excessive hardness and result- 
ing brittleness, which might cause the part to break when 
in service. Instruments and methods of testing the 
hardness of metals which have been employed in actual 
practice include the sclerometer, the scleroscope, the 
Brinell indentation test, and the Keep drill test. The 
section on Hardness Testing, Vol. HI, p. 527, describes 
the different instruments and the methods of making 
these tests. 

Microscopic Bzamination of SteeL — The microscope 
is now used by many metallurgists for examining the 
structure of steel, and it has proved to be a valuable 
adjunct to the chemical laboratory for determining the 



quality and characteristics of various kinds of steel, as 
they may be affected by manufactiuing processes or 
subsequent heat-treatment. This application of the 
microscope to the study of steel structure and composi- 
tion is usually known as ''metallography." A complete 
treatise on this subject will be found in Vol. IV, p. 348, 
covering the methods of preparing specimens to be 
examined; the etching of the polished surface to reveal 
the internal structure of the metal; etching reagents, 
both for nonferrous metals and for iron and steel; 
and other important points relating to this effective 
method of studying the structure of metals by direct 
observation. The application of metallography to case- 
hardening is dealt with in Vol. n, p. 7. 

Furnaces. — The results of any heat-treating process 
may depend largely upon the type of fiunace used for 
supplying the necessary heat, and it is essential to know 
the classes of work for which different types are adapted. 
The design of furnaces, in general, depends upon whether 
the heat is derived from some fuel or from an electric 
current, and also upon the size and proportions of the 
parts to be heated, as well as the importance of careful 
heat-treatment. When steel is heated to a high enou^ 
temperature for hardening, it readily absorbs injurious 
elements that may be present and is also subject to 
oxidation or the formation of scale on the surface. 
Some furnaces, especially of the types intended for 
heating high-grade tools preparatory to hardening, are 
arranged to avoid difficulties from oxidation or from the 
injurious elements that may be liberated by OHnbustion. 
The practice of heating some parts by immersing them 
in a molten bath, and others in a heated chamber or 
oven, also causes variations in furnace construction and 
operation. The article on Fusnaces for Habdening 
AND Tempeking, Vol. HI, p. 256, describes furnaces of 
various dasses, such as gas-heated furnaces, oil-burning 
furnaces, solid fuel furnaces, and electric furnaces. 
Some furnaces intended especially for heat-treating 
processes are also described in the section on Furnaces, 
Vol. ni, p. 220, which covers general types. The special 
article on Electric Furnaces, Vol. Ill, p. 240, should 
also be studied if the subject is to be thoroughly covered. 
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^UThEN two or more metals are melted together and 
thus combined to form what is practically a new 
metal, at least so far as its properties are concerned, 
this combination is known as an ''alloy." So-called 
" ferrous " alloys contain iron as the chief element ; " non- 
ferrous" alloys have some other metal as a basis. Cop- 
per, with the single exception of iron, is the most impor- 
tant metal used in connection with engineering work. 
Cbi^per forms the basis of brass and bronze alloys, and 
is practically indispensable in the construction of dectri- 
cal machinery and as a means of transmitting electric 
current; in fact, it is second only to silver as a conductor 
of heat and electricity. Cbpper also resists corrosion 
to an unusual degree and is used both in sheet form and 
in the shape of pipes or tubes in the construction of a 
great variety of apparatus in which noncorrosive parts 
are of especial importance. Among other important 
metals which are extensively used in producing various 
kinds of alloys for industrial purposes may be mentioned 
tin, zinc, lead, aluminum, and m'ckel. The different 
alloys which may be produced by combining two or more 
of these metals in varying proportions are inniunerable, 
and vary as much in their application to industrial 
piuposes as in their composition. The subject of alloys, 
in general, is covered in the section on Alloys, Vol. I, 
p. 66, which deals with the different classes, the kinds 
of metal used in producing them, the relative percentages 
of different metals, the defects common to alloys used in 
machine construction, and the adaptability of alloys to 
different commercial purposes. 

Copper. — As copper is the chief element in a great 
many of the nonferrous alloys, it is dealt with in a 
separate article (Vol. n, p. 204) which describes different 
methods of smelting copper and contains important data 
on the composition of copper alloys, their melting points, 
etc. In connection with this subject, it is advisable to 
read the article on Electrolytic Refining of Metals, 
Vol. in, p. 33, which deals principally with copper 
refining. 

Copper castings are used to some extent, especially 
in connection with electrical work, but it has not been 
practicable until quite recently to obtain such castings 
that were not very porous. By the use of boron, which 
has a high afi&nity for the gases that cause the difficulty 
in copper castings, these defects have been overcome. 
(See Coffer, Boronized, Vol. 11, p. 207.) 

Brass. — Brass is more extensively used than any of 
the other nonferrous alloys. It is composed principally 
of copper and zinc, and may contain small percentages 
of other metals such as lead, iron, or tin. The informa- 
tion in the section on alloys is supplemented by a special 
article on Brass, Vol. I, p. 490. Reference should also 
be made to the article on Muntz Metal, Vol. IV, p. 485* 



and Manganese-bronze, Vol. IV, p. 318; while the 
term " bronze '' is applied to the latter alloy, it should 
properly be classified as a '' brass, " as copper and zinc are 
the basic metals in its composition. Delta Metal, 
Vol. n, p. 304, is another copper-zinc alloy which is 
made very strong by the addition of a small amount of 
iron. 

Bronze. — The alloys classified as ''bronze" are 
composed principally of copper and tin, and may contain 
small percentages of other elements, such as zinc, anti- 
mony, lead, aluminum, phosphorus, or manganese. 
Phosphor-bronze is one of the important alloys of this 
dass, as it is extensively used for machine bearings and 
in the manufacture of springs, worm gearing, etc. This 
alloy derives valuable properties from the small amounts 
of phosphorus it contains, which 'increases the tensile 
strength, ductility, and resistance to repeated stresses or 
shock. (See Bronze, Vol. I, p. 517, and Phosphor- 
bronze, Vol. V, p. 12, and, in addition, the following 
special articles: Gun-metal, Vol. m, p. 488; Tobin 
Bronze, Vol. VI, p. 292; and Lumen Bronze, VoL IV, 
p. 266.) Some alloys commonly designated as bronze 
do not have copper and tin as the basic metals, as, for 
example, the copper-aluminum alloys referred to in the 
section on alloys. 

White Metal Alloys. — The general class of nonferrous 
alloys formed of the softer and more fusible metals, such 
as tin, lead, zinc, and antimony are extensively used in 
various industries. General information on the basic 
metals used for making allo3rs of this dass will be found 
in the following articles: Tin, Vol. VI, p. 288; Lead, 
Vol. rv, p. 193; 2iNC, Vol. VI, p. 563; and Antimony, 
Vol. I, p. 102. TTie soft solder used by plmnbers and 
tinners is an important white metal alloy of the tin-lead 
dass. (See Soider, Vol. V, p. 386.) Britannia metal, 
which is used extensively for manufacturing silver- 
plated ware, is a tin-antimony alloy of considerable 
conunerdal importance. (See Britannia Metal, Vol. 
I, p. 506.) Fusible metals or alloys that will melt at a 
low temperature are used in the heads of automatic 
sprinklers and in making fuses for dectrical circuits and 
fusible plugs for steam boilers. (See Fusible Metals, 
Vol. ni, p. 268; and Melting Points of Metals, 
Vol. IV, p. 334, which give the mdting temperature for 
a large range of fusible metals.) 

Bearing Metals. — It might well be said that a ma- 
chine is no better than its bearings, and this fact is now 
generally recognized by machine manufacturers. Bear- 
ing metals are made in an almost endless variety of 
compositions, and quite a number of these are patented. 
The basic metals are usually copper, lead, tin, antimony, 
and zinc, two or more of these metals bdng used to form 
an alloy. The article on Bearing Metals, Vol. I, p. 
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296, gives the composition of a great variety of alloys 
and includes general information on the requirements 
of bearing metab, the results of tests, etc. One of the 
oldest and most extensively used alloys for bearings is 
known as " babbitt " metal. Owing to the commercial 
importance of this alloy, it is dealt with completely in a 
separate article on Babbitt, Vol. I, p. 198. The methods 
of applying this metal to bearings are explained in the 
section on Babbitting Bearings, Vol. I, p. 199. 

Aliimlnwni. — It has been estimated that aluminum 
in its various compounds forms about one-twelfth of the 
crust of the earth. The specific gravity of pure alumi- 
num is only about one-third that of iron, and this 
extreme lightness combined with unusual strength when 
alloyed with a small percentage of some metal such as 
copper, manganese, iron, or nickel, are the physical 
properties which have made aluminum of such impor- 
tance in many lines of manufacture. The article on 
ALumNUii, Vol. I, p. 83, deals with its properties, 
strength, industrial applications, methods of production, 
and methods of jointing aluminum. Magnalium, Vol. 
IV, p. 287, is one of the most important of the alu- 
minum alloys, the principal ai^lication of which is in 
connection with aeronautic motor manufacture. 

Nickel. — Nickel is malleable and weldable like iron, 
but differs from the latter metal in that it does not 
oxidize readily, nor deteriorate rapidly under atmos- 
pheric influence. It is used extensively for protecting 
iron and steel parts and improving their appearance by 
the nickel-plating process, and, within recent years, it 



has been utilized in the manufacture of high-grade alloy 
steels. (See Nickel, Vol. IV, p. 489.) Monel Metal, 
Vol. IV, p. 429, is a nickel-copper alloy that is one of the 
most remarkable of the metal alloys. 

Rolling, Drawing, and Extruding Operations. — 
Nonferrous metals and alloys such as coi^r, brass, or 
bronze are rolled into bars and sheets and are used in the 
manufacture of tubes and wire, the same as iron and 
steel. Castings of a simple form are first made, and are 
then rolled into fiat sheets or drawn to form tubes or 
wire. The article Bbass Rolling Mill Practice, Vol. 
I» P* 497i describes the preliminary work of making these 
castings and contains general information on the equip- 
ment used for rolling flat sheets, bars, or rods, and for 
drawing seamless tubes. Reference should also be made 
to the article on Wire Drawing, Vol. VI, p. 510. 

One of the most interesting methods of forming rods 
or bars of different cross-sectional shapes is known as 
the ''extrusion" process. With this process, the metal, 
which must be fairly plastic, is forced through an aper- 
ture of the cross-sectional shape required by subjecting 
the metal to a very high pressure, thus forming a con- 
tinuous rod or bar. At first the extrusion process was 
only applied to lead; later lead-tin alloys were used, and, 
as the apparatus was still further perfected, it was found 
practicable to extrude other nonferrous allojrs. A com- 
plete treatise on the Extrusion of Metals will be found 
in Vol. m, p. 77, which deals with the historical devdop- 
ment of the extrusion process, various types of extrusion 
presses, and the metals adapted to extrusion. 
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Ibf ACHINES and mechanisms of all kinds consist 
of assembled parts that are, in practically all cases, 
formed partly or entirely by a casting process, by 
forging, by cutting, by the application of pressure 
between dies, or by two or more of these methods com- 
bined. Castings are parts formed to shape by pouring 
molten metal into a suitable mold; they are used very 
extensively and are indispensable for machine frames, 
beds, and other parts which serve as a support for the 
mechanism. Many small parts are also cast, and the 
development of new and improved machinery and 
processes has made it possible to produce small castings 
rapidly and with such accuracy, that machining opera- 
tions are, in some cases, partly or entirely eliminated. 
The great advantage of the casting process is that it 
enables parts of almost any desired form to be produced. 
In fact, a great many shapes or forms are obtained by 
casting that could not be forged from wrought iron or 
steel. 

Procedure in Making a Casting. — The usual method 
of producing a casting requires, first, a drawing of the 
casting; second, a pattern which corresponds to the 



external form of the casting; third, a mold or cavity 
which receives its shape from the pattern; and, fourth, 
means of melting metal so that it can be poured into the 
mold. The drawing represents the work of a draftsman 
or designer; the pattern is made by a patternmaker; the 
mold, by a molder; and the molten metal is supplied by 
the foundryman, who requires a practical knowledge 
covering the operation of the melting furnace or cupola 
and the kinds of raw materials to use, in order to obtain 
castings having the right composition and physical 
characteristics or properties. While these are separate 
branches of work requiring special training or skill, they 
are closely related in many respects. The student of 
machine design may not consider it important to under- 
stand the principles of pattemmaking, but, since the 
design drawn on paper must be reproduced in the form 
of a pattern, it is evident that a draftsman who knows 
nothing of pattemmaking may cause considerable 
imnecessary work in the pattern shop, or give the 
patternmaker a task in woodworking which is almost 
impossible. There is also a close relationship between 
pattemmaking and molding; in fact, a good pattern- 
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maker must understand, thoroughly, the principles of 
molding, and it is well for the designer to possess at least 
a general knowledge of both of these branches of work. 

Patterns and Patt«mmaking« — As most patterns are 
made of wood, and as many of the forms required are 
quite intricate, pattemmaking requires a high degree of 
skill in woodworking. In dealing with this subject in 
the Encyclopedu, the aim has been to explain the 
fundamental principles of pattemmaking, rather than 
to teach the exact procedure in the actual work of 
making patterns. (See Vol. IV, p. 531.) Different 
types of patterns have been classified, as far as posdble, 
and the relation between different forms of patterns and 
the molds made from them is explained, because all 
pattern construction depends upon the method of mak- 
ing the molds in the foundry. The pattemmaking 
section also includes general mformation on materials for 
patterns and approved methods of making joints and 
building up different forms common to pattern con- 
stmction. (See also Wood Turning Tools, Vol. VI, 
p. 540; Band Saw Speeds, Vol. I, p. 343; and the 
section on Electkic Dsive for Wood-woiuong Ma- 
chines, Vol. IV, p. 439.) 

Making Molds for Castings. — The formation of 
molds for producing castings of different forms involves 
a study of the relation between the type of mold and the 
casting required, the materials used for molds, and the 
equipment employed in various branches of the molding 
process. The practice of molding has changed con- 
siderably within recent years, espedally with regard to 
the use of mechanical apparatus for making molds and 
for producing duplicate castings by special machines 
designed for that purpose. The section on Molding, 
Vol. IV, p. 411, deals with the three general branches of 
molding, which are known as green-sand molding, dry- 
sand molding, and loam molding. The practical appli- 
cation of these different methods is shown by nimierous 
examples from practice. 

As many ca.stings must have interior passages or 
openings which could not be formed in the mold by a 
pattern, cores conforming to the required shape are 
inserted in the mold after the pattern is withdrawn. 
For specific information on the composition of cores, 
see Core Making, Vol. II, p. 208, and also the article on 
Molding Sand, Vol. IV, p. 427. General information 
on the different types of machines now extensively used 
in modem foundries, to eliminate the manual labor 
connected with molding and to reduce the time required, 
will be found in the article on Molding Machines, Vol. 
IV, p. 422. If many duplicate castings are needed, a 
permanent mold made of metal may be used instead of 
the ordinary sand mold which can only be used for one 
casting, as explained in the article Casting in Per- 
manent Molds, Vol. 11, p. 20. 

Operation of a Foundry. — Foundry practice, aside 
from the work of molding, involves melting the metal 
Uiat is to be used for making castings. This is really a 
re-mdting operation, since the raw material has been 
obtained from the ore by a previous melting process, the 



pig iron used for making iron castings bdng a product 
of the blast furnace. It is necessary for the foundryman 
to know how to obtain different grades of castings by 
using different quaUties of pig iron and by rhmyng the 
cupola or furnace with different mixtures of pig iron and 
scrap iron. Other questions that arise in foundry 
practice relate to the amount of fuel to use in the cupola 
and the method of distributing it, the weight of iron for 
a given charge, and the quality and kind of flux to use 
for forming a slag and protecting the bath of mdten 
metaL The article on Foundry Practice, VoL m, p. 
210, is in the nature of a general review, and is supple- 
mented by separate articles covering the more important 
branches of foundry practice. The general arrangement 
and operation of the cupola furnace, which is the type 
most commonly used, as well as the composition of 
castings intended for different purposes, is explained in 
the article on Cttpolas, VoL II, p. 275. In this connec- 
tion, the sections on Castings, Iron, Vol. 11, p. 26, and 
Cast Iron, Vol. n, p. 32, should also be studied, if this 
has not already been done in connection with some other 
course. The final foundry operation on castings is the 
cleaning and pickling, covered in the articles Pickling 
Castings, Vol. V, p. 19, and Sand-blast, Vol. V, p. 307. 

Control of Casting Processes. — The quality and 
physical properties of castings may be affected and 
controlled to a considerable degree by the condition 
under which castings are made. For instance, unsoimd 
castings, or those containing blow-holes, may be obtained 
if the mold is not in the proper condition or is not ade- 
quately vented to allow the steam and gas generated by 
the heat from the molten metal to escape. The decom- 
position in the binder of the cores, the entrapping of air, 
the formation of shrink-holes, sponginess, and scabbiness 
are other difficulties encountered. This general subject 
is dealt with in the article on Castings, Iron, VoL n, 
p. 26. A feature of this article of essential importance 
to designers is that dealing with shrinkage strains. 
When a heavier section adjoins a lighter one, the latter 
naturally solidifies first as the metal cools in the mold 
and is subjected to a strain when the heavier section 
cools and contracts. In some cases, these internal 
stresses may seriously reduce the effective strength of 
the part; they also cause many castings to spring or 
warp slightly after being machined. 

For some purposes, very hard castings, or castings 
having very hard surfaces, are needed, the wheels used 
for railroad cars being an example. The way in which 
a hard outer surface is obtained is explained in the arti- 
cle Chilled Castings, Vol. II, p. 98. Ordinary iron 
castings are rather brittle and are liable to break if sub- 
jected to shock. By a special heat-treatment, however, 
iron castings maybe made tougher and somewhat malle- 
able. Such castings are known as Malleable Cast- 
ings, VoL IV, p. 306. 

Steel Foundry Practice. — Steel castings have re- 
placed ordinary iron castings on many classes of ma- 
chinery, especially when heavy loads must be supported 
or there are sudden thrusts and shocks when the machine 
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is in operation. The steel may be made by the Bessemer, 
open-hearth, or crucible process, the charge being com- 
posed piindpally of steel scrap with a certain proportion 
of pig iron. The general methods of producing steel cast- 
ings are explained in the article Steel Foundry Prac- 
tice, Vol. VI, p. 66. Specific information on the properties 
and composition of steel castings may be obtained 
from a special article Castings, Steel, Vol. 11, p. 30. 
Brass Foundry Practice. — The production of castingps 
from brass or other nonfenous metals is similar in prin- 
ciple to the process of making iron castings, although 
there is a difference in the equipment used. The molding 
is done in practically the same way, except for changes 
due to the fact that the average brass casting is much 
smaller and is molded in a finer grade of sand. The 
common types of melting furnaces used in brass foundries 
differ from the cupola of the iron foundry. The section 
on Brass Foundry Practice, Vol. I, p. 491, is a con- 
densed treatise intended to give the student a general 
survey of this subject. Zmc Castings, Vol. VI, p. 567, 
are sometimes produced in the brass foundry, although 
they are only used in a very limited way. The melting 
furnaces used in brass foimdries are dealt with in detail 
in the article Furnaces, Vol. HI, p. 220; an electric 
brass melting furnace is described in Vol. DI, p. 255. 



Die-casting Process. — The art of die casting, or the 
formation of metal parts by casting in metal molds, has 
been applied to certain processes for many years, but 
represents a distinctly modem development as a means 
of producing many small machine parts eoonomicaUy 
and with such accuracy that machining operations may 
be entirely unnecessary. While parts made of steel are 
inexpensive so far as the cost of material is ooncemed, if 
the cost of machining and of other operations is taken 
into consideration, parts made by the die-casting process 
may be much cheaper. The production of die castings 
requires a metal mold of suitable form and means for 
melting the metal and forcing it into the mold. The 
various classes of die-casting machines are described in 
the section on Die Casting, Vol. n, p. 314, which 
includes information on different types of dies, the 
advantages of the die-casting process and its ajp^csL- 
tion, and the composition of the different nonfenous 
metals which are adapted to this method of casting pro- 
duction. 

Die-pressed Castings. — The production of die- 
pressed castings (Vol. 11, p. 359) is another recent 
development, intended primarily to produce dui^cate 
parts which are uniform in size and nicely finished, with- 
out a machining or metal-cutting operation. 
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\X/H£N wrought iron or steel is heated and formed to 
whatever shape required, either by hammering or 
by the application of pressure, the operation is known 
as ''forging." Many machine parts are forged and 
used in preference to ordinary iron castings, because they 
are much tougher and less liable to fracture when sub- 
jected to shock. Parts may be forged roughly to the 
approximate shape required, so that the amoiimt of metal 
to remove by turning, planing, or milling, or some other 
machining process is greatly reduced, or the forgings may 
be finished so accurately by means of special equipment 
that little or no machining is necessary. While the 
making of forgings is a hand-hammer or sledge and anvil 
process in many small shops, numerous developments 
have been made in forging methods, especially in ma- 
chine-building plants or wherever large numbers of 
duplicate forgings are used. For many years the in- 
ventor rarely took any interest in the blacksmith or forge 
shop; now the sharp rapid blows of power hammers, 
drop-hammers, and forging machines are heard in many 
forging departments instead of the ringing anvil. The 
smith with his hand-manipulated tools is still indispen- 
sable for certain classes of work, but modem forging 
machinery has invaded his domain and made it possible 
to produce high-grade forgings by very efficient and 
economical methods. 
Forging Processes and Tools. — The way in which a 



forging is made dqiends usually upon its sice and the 
number of duplicate forgings required. The simplest 
and most primitive method of forging is by means of a 
hand hammer or sledge and an anvil, in conjunction with 
tools of special form for shaping curved and flat surfaces, 
or for cutting and trimming forgings. The laborious 
work of hand forging has been largely eliminated by the 
use of power hammers, especially for the larger classes 
of work, and many special forging machines are now in 
use. A brief general review of forging practice is given 
in the article on Forging, Vol. Ill, p. 186, and the small 
tools and appliances used in connection with hand- 
forging operations are dealt with in the article on Black- 
smiths' Tools, Vol. I, p. 372. The following articles 
should also be studied in this connection: FoRGpSy VoL 
ni, p. 177; Anvils, Vol. I, p. 102; and Forge Shop 
Arrangement and Equipment, Vol. in, p. 180. 

Power Hammers and Forging Presses. — Hammers 
which are operated by power are practically a hammer 
and anvil combined, and, as they are capable of striking 
powerful blows in rapid succession, their use permits a 
forging to be quickly reduced to the desired form. 
Hammers of this class are made both for small, light 
forging operations and for very heavy work. Some 
hammers are driven by belt and others by the direct 
application of steam or air pressure. Typical designs 
are described in the article relating to power and steam 
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hammers, Vol. HI, p. 498. This artide aJso explains 
a method of determining the efficiency of forging ham- 
mers. In plants where very large forgings are made, 
forging presses are commonly used instead of steam 
hammers. These presses may be either of the plain 
hydraulic type or of the steam-hydraulic design. The 
article on Forging Presses, Vol. Ill, p. 189, explains 
the operation and application of forging presses, as well 
as their advantages as compared with steam hammers. 

Forging Machines. — The use of forged parts made 
either from wrought iron or different grades of steel, in 
preference to iron or steel castings, has been made pos- 
sible, in many manufactiuing plants, by the develop- 
ment of special forging machines. The modem upset« 
ting and forging machine is a development of the bolt 
and rivet header originated many years ago. The forging 
machine, however, is much heavier and is designed par- 
ticularly to produce machine forgings in large quantities. 
Machines of this dass must be arranged for each partic- 
ular operation, as spedal dies are required to give the 
forgings the required form or shape. (See Forging 
Machines, Vol. 'Ill, p. 187.) One of the important 
applications of spedal forging machinery is in the man- 
ufacture of bolts and nuts. For general information on 
this subject, see Bolt Forging, Vol. I, p. 450, and Nut 
Forging, Vol. IV, p. 498. 

Production of Drop-forgings. — The hand-manipu- 
lated forming tools used by blacksmiths for shaping 
curved and flat surfaces doubtless suggested the applica- 
tion of dies to the forging of duplicate parts. A cavity 
or impression is formed in the upper and lower sections 
of a die, which conforms to the shape of the forging to 
be made, and when the upper die, which is attached to a 
heavy hammer head, is allowed to fall, the heated bar of 
metal placed between the dies is forced into the upper 
and lower cavities and is given the required form. This 
method has been applied very extensively to the pro- 
duction of small and mediimi-sized forgings. As special 
dies are needed for forgings of different shapes, the design 
and making of these dies is a most important branch of 
drop-forging practice. The article on Drop Forging, 
Vol. II, p. 474, covers the subject in a general way. The 
making of drop-forging dies, which is known as ''die 



sinking," requires considerable skill as wdl as experience 
and judgment regarding the best methods of securing 
the desired shapes, particularly when more than one 
impression and forging operation is necessary. This 
subject is dealt with in the artide on Drop-porging 
Dies, Vol. n, p. 484. The special types of haouners 
used for making drop-forgings are described in detail in 
the section Drop-hammers, Vol. II, p. 500. The artide 
Drop-forging and Hardening Plants, Vol. II, p. 481, 
indudes general information on the arrangement of such 
plants and thdr equipment. 

Cold-heading Machines and Operations. — All of the 
forging operations so far referred to require metal that is 
heated, so that it can more readily be formed to shape, 
dther by hammering or by the application of pressure. 
Many small parts of the dass made from wire or small 
rods can be given the necessary shape without a pre- 
liminary heating. This method of forming parts when 
applied to the formation of heads on bolts, rivets, pins, 
etc., is known as "cold heading,'' and, while it may not 
properly be classified as a forging process, is dosdy allied 
to it. Cold-heading operations are performed by means 
of spedal machines equipped with dies which govern the 
shape produced. The different classes of machines are 
described in the artide on Cold Heading, Vol. H, p. 
148; this artide also explains the prindple of the cold- 
heading process, and indudes practical examples of work. 

Cold-swaging Process. — The cold-swaging process is 
another method of forming small parts made from rods, 
wire, etc., without preliminary heating. Swaging differs 
from cold heading in that it serves to reduce or other- 
wise change the form of the work by a rapid succession 
of blows from dies of suitable shape which operate in a 
lateral direction relative to the stock and not end-wise, 
as in cold heading. Information on the application of 
the swaging process and the types of machines used will 
be foimd in the artide on Swaging, Vol. VI, p. 133. 
The hammering machine may be classified as a spedal 
form of swaging machine, although this method of form- 
ing rods, wire, or tubing into special and ornamental 
shapes may be applied to a greater variety of work than 
the swaging process; these machines are described in the 
artide on Hammering Machines, Vol. UI, p. 497. 
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/^N£ of the basic principles not only in all mechani- 
cal work, but also in our whole commercial 
lifei relates to the taking of measurements or adopting 
standards for measuring lengths, areas, and volumes. 
Without commonly accepted standards for measure- 
ments, trade would become almost impossible, all inter- 
changeable mechanical work impracticable, and our 
whole civilization would be in a most primitive state, 
because it is evident that the standards of weights and 
measures, and the methods of taking measurements are 
essential to modern civilized life. It has been ascer- 
tained that the andents, several thousand years ago, had 
developed standards of length that were quite accurate, 
because some of the structures erected at that time, that 
are still in existence, indicate that this was the case. It 
is only within comparatively recent years, however, that 
highly accurate standards for weights and measures 
have been determined and accepted by the various 
nations, and the methods for accurately reproducing 
these standards and for taking measurements in practi- 
cal shop work with a high degree of accuracy are of still 
more recent origin. 

Systems of Weights and Measures. — There are two 
systems of weights and measures in general use in the 
civihzed world — the English system, which is used in 
the English-speaking countries, and, to a limited extent, 
in some other countries, and the metric system, which is 
used by the majority of the non-English-speaking 
civilized nations. In some instances, the metric system 
is used in the English speaking countries, and other 
systems than the metric, usually the old systems that 
have not yet been entirely disestablished, are used in the 
countries that otherwise employ the metric sjrstem. It 
is possible that the metric system will find increasing use 
in the future, and, on this account, and also on account 
of the necessity for understanding the system in connec- 
tion with the foreign trade, both the English and the 
metric systems have been dealt with in detail in the 
Encyclopedia. In the article Weights and Measubes, 
Vol. VI, p. 463, are given tables including all of the 
generally used measures of lengths, areas, volumes, 
and weights in the English system, as well as the units 
employed in the metric system, together with conversion 
factors for changing English into metric and metric into 
English imits. In addition to these tables of standard 
units of measurements, the article contains a brief his- 
tory of the standardization of weights and measures. As 
the standards of length measurements are of more direct 
application in the mechanical industries than the stand- 
ards of other measures and weights, the principles 
applied in establishing standards of length, and in pre- 
serving the originally accepted standards, have been 
dealt with in greater detail than for other standards in 



the article Stamdabds of Length, Vol. V, p. 539. The 
application of the metric system to practical shop work, 
the making of drawings in the metric system, tools made 
to metric measurements, etc., are subjects briefly dealt 
with in a separate article on the Metric System, Vol. 
IV, p. 356. 

Abfolttte System of MeasurementB. — In addition to 
the ordinary systems of measurements used for ordinary 
practical work, there is a third system, known as the 
'' absolute system of measurement," which is used for 
scientific and theoretical work, and which is based 
primarily upon the metric system, but includes units for 
all mechanical, physical, and electric quantities not 
originaUy contemplated when the metric system was 
adopted. The absolute system of measurement is also 
known as the "centimeter-gram-seoond" system, be- 
cause its fundamental units are the centimeter, the gram, 
and the second. (See Absglttte System of Measure- 
ment, Vol. I, p. 6.) 

Simple Length Measuring InstRmients. — Having 
established a standard for length, the next step in 
practical work is to provide means by which this standard 
can be conveniently employed for taking measurements 
in the building of machinery and structures. The 
simplest and most commonly used of all measuring 
instruments in the mechanical trades is the well-known 
scale. In many instances, however, scales cannot be 
applied directly to the work. The diameter of a round 
piece of work, for example, cannot be measured directly 
by the scale. In cases of this kind, it becomes necessary 
to provide means for transferring the dimension from the 
part to be measured to the scale. One of the simplest 
means of doing this is by the use of machinists' calipers, 
which may also be set to a certain dimension on the scale 
and used as a simple kind of gage, that is, as a means for 
determining whether the size of a piece of work is equal 
to a predetermined dimension. (See Calipers, Vol. I, 
p. 527.) Ordinary calipers, however, are used only for 
work which does not require a great degree of accuracy, 
because extreme accuracy or refinement in measurements 
is not possible, either by the use of a scale or by means of 
calipers. More highly developed measuring instruments 
are required in that case. 

Vernier Calipers. — For obtaining more accurate 
readings when taking a measurement, a measuring device 
known as a "vernier scale caliper" may be employed. 
This measiuing device permits of considerably greater 
accuracy in taking measurements than would be possible 
with a scale and ordinary machinists' calipers. The 
construction of the vernier caliper and an explanation of 
the manner in which this instrument is used and how 
readings are taken from the vernier scale are given in the 
article Vernier Scale and Caliper, Vol. VI, p. 437. 
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A special kind of vernier caliper, known as the "vernier 
gear-tooth caliper/' is used for testing the tliirlrn^HM of 
gear teeth at the pitch-line. (See Vol. lU, p. 323.) 
This instrument provides a very accurate means for 
determining whether the proper proportions of gear teeth 
have been obtained in the cutting processes for forming 
these teeth. In order to obtain a smooth and quiet 
action in gearing, it is important that the teeth are 
properly shaped. Vernier calipers make it possible to 
determine dimensions within an accuracy of one-thous- 
andth inch. 

Micrometer Measuring Instroment — When the 
highest degree of accuracy that is generally obtainable 
in ordinary shop work is required, micrometers, also 
known as "micrometer calipers/' are employed, unless 
fixed gages are used. Micrometers are precision measur- 
ing instruments with which exceptionally accurate 
measiu-ements can be taken. At the present time, they 
are imiversally used in machine-building plants. With- 
out micrometers, many of oiu: highly specialized inter- 
changeable manufacturing plants would hardly have 
been able to develop the efficient methods which they 
have applied in their progress. Micrometers are of great 
value to machinists, and no toolmaker could possibly be 
without one in his work. They are made in different 
forms for external and internal measurements. Some 
of the principal forms are described in the article Microm- 
eter, Vol. IV, p. 358; instructions for using and reading 
a micrometer are also given in that article, and several 
sensitive attachments that may be used in connection 
with micrometers are described. As the micrometer 
caliper is one of the most useful tools used in mechanical 
work, a detailed histoiy of its development has been 
included in the Encyclopedia in the section on Microm- 
eter Development, Vol. IV, p. 362. 

Precision Measuring Machines. — For the highest 
precision that is obtainable in practical work, without 
resorting to the refined methods employed only by 
scientists, so-called "measuring machines" are used. 
These are devices of the greatest precision used for 
comparing and originating standards of lengths and 
for verifying the accuracy of gages used in manufacturing 
processes. Measming machines of well-known types are 
provided with graduations which read directly to one- 
ten-thousandth inch, and these divisions can be easily 
subdivided into four subdivisions by estimating, so that 
measurements may be taken with anaccuracyof 0.000025. 
Measuring machines for laboratory work are constructed 
with even higher degrees of precision, one t}^ having 
been built which is considered absolutely accurate within 
0.000004 inch. The general construction of various 
types of these machines and their application to practical 
work are explained in the article on Measuring Ma- 
chines, Vol. rv, p. 327. 

In this connection may be mentioned a measuring 
apparatus known as the ''minimeter," which may be 
considered as a simple t}^ of measuring machine in- 
tended as a comparator to indicate differences of small 
fractions of an inch between the piece measured and a 



standard gage. The minimeter, when constructed for 
English measurements, would have graduations reading 
to one-half thousandth inch, and, by estimating the 
position of a pointer on the scale, accurate readings 
within one-ten-thousandth inch are obtainable. (See 
Mindceter, Vol. IV, p. 409.) 

For scientific measurements of the very highest degree 
of accuracy, an instrument known as an "interferom- 
eter" is used. As this instrument is not ordinarily 
employed in practical work, but only in scientific labora- 
tories, it has only briefly been dealt with in the Ency- 
clopedia. The principles upon which it is based are 
explained under the heading Interjerometer, Vol. IV, 
p. 72. 

Protractors for Angular Measurements. — All of 
the measuring devices referred to in the preceding 
paragraphs are intended for measming lengths. In 
mechanical work, however, the measuring of angles, 
tapers, etc., is frequently necessary, and in some in- 
stances it is required to obtain these measurements with 
considerable accuracy. The general prindples involved 
in the making of angular measurements and the relation- 
ship between tapers and angles expressed in degrees and 
minutes are outlined in the article Angular Measure- 
ments, Vol. I, p. 96, which also contains a number of 
formulas for making the calculations that are required 
in connection with measuring angular work. The 
laying out of angles, which in shop work is of equal 
importance to the measming of angles, is dealt with in 
an article in Vol. I, p. 94. The measuring tools used in 
shop practice for determining the sizes of angles in 
degrees and minutes are known as "protractors," the 
type generally used by machinists and toolmakers being 
known as a ''bevel protractor." When provided with a 
vernier scale, measuring instruments of this type will 
give accurate readings to within five or three minutes 
(one-twelfth to one-twentieth of a degree). The con- 
struction of the bevel protractor and the method of 
reading the graduations on the protractor scale and on 
the vernier are explained in the article Protractor, 
Vol. V, p. 178. Draftsmen also employ protractors, 
but of a different kind. They are simpler in construction 
and frequently are not provided with a vernier scale, as 
it is seldom necessary to lay out angles on a drawing with 
the extreme accuracy that is required when working out 
the angle in solid metal in the shop. Draftsmen's 
protractors are briefly described in the general article on 
Draftsmen's Tools, Vol. U, p. 401. 

Gages and Gaging Methods. — The measuring in- 
struments and devices used in shop work may be divided 
into two broad groups, one of which comprises the 
measuring instruments by means of which it is possible 
to read off from a scale the actual dimension being 
measured, and the other, those used for accurately 
determining whether a dimension is accurate and equal 
to a certain predetermined dimension. Within the first 
group come the instruments already mentioned — the 
scale, the vernier caliper, the micrometer, and the 
measuring machine, as well as protractors. The second 
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group comprises what aie known as ''gages" — devices 
made or set to a given dimension and used simply to 
determine whether manufactured parts are made to 
these dimensions. For example, a plug gage is simply a 
round piece of sted, accurately ground to a given size, 
which is used for determining whether a drilled or a 
bored hole is made to the dimensions required, this 
being determined by inserting the plug into the hole, in 
which it should fit acouratdy. A ring gage, again, is a 
piece of sted provided with an accurately ground hole 
which is used for testing the accuracy of the diameter of 
shafts or other cylindrical pieces of work required to be 
of the exact size of the gage. There are a great many 
other types of gages, however, that may be used for 
measuring work, dther of cylindrical or of other shape. 

Generally speaking, gages are intended to be used as 
fixed measuring instruments, and each gage, in general, 
is intended to measure but one dimension; hence, gages 



are used only in interchangeable manufacture, or in 
cases where a great munber of pieces of the same dimai- 
sions would be measured by them. The section on 
Gages, Vol. m, p. 268, describes the different kinds of 
gages used both for internal and external measurements, 
and for the measuring of angles and tapers. So-called 
''dial gages," also induded under the general head of 
Gages, are, strictly speaking, not gages at all, but 
measuring instruments which indicate on a scale the 
exact deviation from a standard dimension. A sptdal 
class of gages are those intended for thread measure- 
ments. These are dealt with briefly in the article on 
gages, already mentioned, and more completdy under 
the heading Thread Measuring and Testing, VoL VI, 
p. 249. The student of shop methods will find it neces- 
sary to make a thorough study of measuring and gaging 
methods, in case he expects to thoroughly cover some of 
the most important phases of shop practice. 
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In the manufacture of various classes of machinery, 
tools, and mechanisms, the different parts are 
shaped, partly or entirdy, by a metal-cutting operation. 
Many machine parts are given the approximate shape 
required dther by the casting or forging process, but, in 
most cases, it is necessary to use some kind of metal- 
cutting machine in order to give the casting or forging 
the necessary degree of accuracy and smoothness of 
finish. For instance, a great many parts which enter 
into the construction of different types of machines must 
have cylindrical or flat surfaces that are practically true 
and which conform to given dimensions within dose 
limits; many other operations are also necessary, such 
as drilling holes^ cutting threads in holes and on the parts 
which are to be screwed into the holes, etc The machines 
used for such work are known as "machine tools," the 
term indicating, in a general way, that some form of 
metal-cutting or metal-forming tool is operated and 
controlled partly or entirdy by a machine designed for 
that purpose. As machine tools are used in the produc- 
tion of all kinds of machinery and mechanical apparatus, 
a knowledge of the different types in use and of their 
general application is essential to everyone interested in 
the general subject of machine construction, whether as 
a machinist who uses machine tools, or as a designer of 
the parts upon which they operate. 

Machine Tools. — Most machine tools perform some 
metal-cutting operation, although there are exceptions 
in the case of machines which form parts by the applica- 
tion of pressure, blows, or by an abrading process which 
may not always be a cutting operation. (For definitions 
of machine tools, see Vol. IV, p. 278.) The function of 
any t3rpe of machine tool is, in general, to impart motion 
either to the cutting or forming tool on the machine or 
to the work, or to both the tool and work; moreover, on 



machine tools of the metal-cutting dass, provision is 
made for varying the cutting speed and the amount of 
metal that is removed for each revolution or stroke of 
the machine, as the case may be. 

There are many different types of machine tools which 
vary greatly in size, because machines of this dass are 
used on an endless variety of parts, ranging from pins 
or screws that are so small that their weight is scarcdy 
perceptible when hdd in the hand, to castings or forgings 
weighing many tons. Machine tools also vary in design 
for the reason that some are intended for general use and 
may be applied in different ways, whereas others are 
more special in their application and may be limited to 
the production of a single dass of work. In studying 
the various types of machine tools, their different uses, 
and how they are applied under different conditions, it 
is essential to consider the kind of woric each type is 
adapted for, what factors govern the sdection of different 
types, what cutting tools or attachments are needed, 
and how different machines are adjusted and used or 
operated. All of the more important types of machine 
tools are described in the Encyclopedia, the distinct 
classes being referred to in separate articles which are 
listed in the following pages. The exact method of 
procedure in using these tools for different operations 
will be considered later, in connection yrith machine shop 
practice. The historical devdopment of machine tools. 
Vol. rV| p. 278, may prove not only interesting, but 
enlightening, as an introduction to this general subject. 

Engine and Turret Lathes. — A great many of the 
parts which are used to form machines of different types 
are of drcular cross-section, some being cylindrical, 
others tapering, and still others combining various other 
forms with the cylindrical or tapering shapes. In 
general, the circular parts, whether cylindrical or taper- 
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ing, are finished in some form of tinning machine which 
is so designed that the work is caused to revolve at a 
suitable speed while a mechanically guided cutting tool, 
or a succession of tools, cuts it to the required form and 
size. The most common form of tiurning machine is 
known as the "lathe." The ordinary "engine lathe/' 
which is found in all machine shops, may be used for a 
great variety of purposes, such as turning different shapes, 
boring holes, cutting screw threads, etc. In the section 
on Lathes, Vol. IV, p. 169, the general features of an 
engine lathe are explained. Lathes made by different 
manufacturers vary more or less in their construction; 
an attempt has been made, however, in dealing with all 
types of machine tools, to select as far as possible a 
t3rpical design. In many cases, important features 
found on machines of different makes are illustrated and 
their application explained. In addition to engine lathes, 
this section describes briefly various other types, some 
of which are intended for special classes of work; such 
special types are Txtsset Lathes, Vol. VI, p. 350; and 
Bench Lathes, Vol. I, p. 339, which are covered by 
separate articles. 

Planing and Slotting Machines. — The characteristic 
feature of a planing machine is that it has a rectilinear or 
straight-line movement, instead of a rotary motion, like 
a lathe. The plane or fiat surfaces required on many 
machine parts are often produced by some form of plan- 
ing machine, although they may also be produced by 
milling or grinding machines; in fact, most of the opera- 
tions on different machine parts can be performed in 
more than one kind of machine, and for that reason it is 
important for the student interested in general manu- 
facturing methods to learn what are the particular 
advantages of each type of machine tool. While the 
planer is intended primarily for finishing flat surfaces, 
it may also be used for machining curved or irregular 
surfaces by empIo}dng special toob or attachments, or by 
guiding the cutting tool by hand, provided sufficient 
accuracy can be attained by this method. The article 
on Planers, Vol. V, p. 94, describes a typical design and 
explains the uses of the more important features, as well 
as variations in other designs. The machine tools 
conmionly known as " shapers " are also a type of planing 
machine intended for comparatively light work. See 
Vol. V, p. 343. Slotters may also be included with tools 
of the planing class, as they are really vertical planing 
machines, and are especially adapted for cutting out 
slots or for finishing other surfaces which can be reached 
more readily by a tool which moves vertically. (See 
Vol. V, p. 381.) 

Drilling Machines. — The assembled parts of practi- 
cally all classes of machinery are held together by screws, 
bolts, or other threaded parts, which enter or pass 
through drilled holes. For drilling these holes, some 
kind of machine is used which serves to rotate the drill 
and at the same time feed it through' the work. The 
machine may drive a single drill or several drills carried 
by spindles that are spaced in accordance with the 
location of the holes. A review of different types will 



be found in the article on Dsiluno Machines, Vol. II, 
p. 456. While machines of this class are used principally 
for drilling holes, they are also employed for tapping 
and other operations. (See also Pneuicatic Driluno 
Machines, Vol. V, p. 120.) 

Boring Machines. — The term ''boring machine,'' as 
applied to vertical and horizontal types, indicates, to a 
very limited degree, the range of work for which such 
machines may be used. The vertical boring mill belongs 
to the lathe group, and may be compared to a lathe 
placed in a vertical position. Machines of this class are 
used extensively for turning operations, and frequently 
boring operations constitute a small part of their work. 
Some vertical boring machines, however, which are 
designed along entirely different lines, are intended 
prindpaUy for boring operations, or may be used ex- 
clusively on that kind of work. Horizontal boring 
machines may also be capable of wide application, either 
for drilling, boring, or miUing; or they may be designed 
exclusively for some operation such as boring engine 
cylinders. Both the horizontal and vertical types are 
dealt with in the article on Boring Machines, Vol. I, 
p. 469. 

Milling Machines. — Milling machines (Vol. IV. p. 
390) of different classes represent another indispensable 
tjrpe of machine tool. They are especially valuable for 
forming irregular siuiaces on duplicate parts, as well as 
for producing flat or plane surfaces. TTie milling 
process, or the use of a rotary cutter having a number of 
cutting edges which come into action successively, is 
appHed in a great variety of wajrs. Some machines 
designed especially for milling slots, edges, etc., of special 
or irregular shape, are known as ''profiling machines," 
Vol. V, p. 172. Engraving Machines, Vol. HI, p. $8, 
are also special types of milling machines. 

Grinding Machines. — The machine tools previously 
referred to all utilize hardened steel cutting tools, whereas 
grinding machines are equipped with abrasive wheels 
which have innumerable cutting points that act upon the 
work as it is brought into contact with the rapidly re- 
volving wheel. Grinding machines are capable of finish- 
ing hardened parts to correct any distortion resulting 
from the heat-treating process, and they are also applied 
to the grinding, of many unhardened parts in connection 
with manufacturing, because the modem grinding 
machine and the high-grade wheels now available 
provide an efficient means of rapidly securing a smooth 
finish combined with remarkable accuracy. The section 
on Grinding Machines, Vol. Ill, p. 432, includes the 
types intended for cylindrical work and also the surface 
grinders for flat or plane surfaces. The Worm Grinder, 
Vol. VI, p. 552, and the Gear Tooth Grinder, Vol. in, 
p. 382, are special types of machines intended for a single 
class of work. 

Automatic Turning Machines. — Machine toob may 
be manipulated entirely by hand or they may be semi- 
automatic or completely automatic, all movements 
essential to the completion of a given piece being derived 
from some kind of mechanism forming part of the 



196 



GUIDE TO SYSTEMATIC READING 



macfaine. One of the problems of machine shop manage- 
ment is to determine to what extent automatic machines 
are to be used. The automatic type produces parts 
rapidly, but its field of usefulness is somewhat restricted 
as compared with some of the hand-controlled machines 
which are designed espedally for general application. 
The automatic machine also requires special tool equip- 
ments and a certain amount of adjustment for each 
particular job; whereas many of the simpler hand- 
operated machines are capable of using one set of tools 
for many different purposes. This matter of machine 
tool selection depends largely upon the number of dupli- 
cate parts required. This point will be more apparent 
after reading the section on Automatic Turning 
Machines, Vol. I, p. 178, and comparing the machines 
described with the other types of turning machines 
previously referred to. These automatic machines are 
practically mechanically operated lathes, and, like the 
latter, they are intended primarily for turning, although 
they are extensively used for other operations, such as 
drilling, reaming, tapping, etc 

Automatic machines are excellent examples of ma- 
chine design. The skillful designer knows how to 
arrange and use parts, each of which is simple, to produce 
intricate mechanical movements. That is why the 
student of machine design, as well as the man interested 
in general methods of manufacture, will find it profitable 
to study the details and general arrangement of auto- 
matic machines embodying ingenious ideas and princi- 
ples that may be applied to other classes of machinery. 

Gear-ctittittg Machines. — As gears of different kinds 
are used extensively as a means of transmitting motion, 
and as their efficiency depends largely upon the accuracy 
of the tooth shapes, gear-cutting machines include a 
great variety of types and embody many ingenious forms 
of mechanisms. An imusually complete treatise on this 
subject will be found in Vol. Ill, p. 331. The fimda- 
mental principles governing the operation of different 
types of gear-cutting machines are first explained and 
then machines operating in conformity with these 
principles are described. Many different types of 
machines have been designed for cutting the same type 
of gearing; and machines varying considerably in form 
and in the principle of their operation are required for 
different types of gears; hence, the great variety in 
design. After studying these machines and the prin- 
ciples governing their operation, a gear will seem more 
than a circular part having teeth around the edge; the 
man who knows how gear teeth are cut will appreciate 
the difficulties involved in the production of those well- 
formed teeth which roll in mesh with a mating gear with 
such remarkable smoothness of action. 

Ctttting-off Machines. — The long bars of stock pro- 
duced in rolling mills are used in machine shops for 
making a great many parts required in machine con- 
struction. The procedure is to first cut off suitable 
lengths from a bar, and then form these shorter lengths 
to the required shape by some machining process in a 
lathe or some other machine tool. The machines used 



for cutting off bars of stock may be designed to rotate 
the bar and sever it with a cutting tool, or they may have 
power-driven saws operating either with a rectilinear 
motion or a rotary movement. These power-driven 
sawing machines may also be used for cutting structural 
material. (See Cutting-opf Machines, Vol. II, p. 290, 
and Hacksaw Machines, Vol. m, p. 493.) 

Classes of Machinery for Thread Cutting. — The 
cutting of screw threads may be done on machines 
adapted to various other operations, or on mnrhinffg in- 
tended espedally for thread cutting. The lathe is fre- 
quently used for cutting both external threads and 
internal threads in holes; semi-automatic and automatic 
turning machines, such as turret lathes and screw 
machines, are also used for thread-cutting operations. 
Among the machines designed especially for frhrpaHing 
operations may be mentioned bolt cutters, pipe threading 
machines, thread milling machines, and thread rolling 
machines. The method of applying oiiachine tools in 
general to this kind of work are expkuned in different 
articles referred to later in this Guide under the heading 
''Machine Shop and Toolmaking Practice." 

Broaching and Keyseating Machines. — TTie broach- 
ing process is usually applied to the finishing of holes. 
A tool of the right shape and having a series of teeth is 
drawn (or sometimes pushed) through the work which is 
cut to the shape corre^wnding to the form or oontour 
of the cutting teeth. A broaching machine of the type 
used for drawing broaches through the work is described 
in Vol. I, p. 516. Most of the work done by broaching 
could be performed on some other kind of marhine tool, 
but broaches and broaching machines make it possible 
to finish work for which they are adapted more rapidly 
and accurately than would be possible by other methods 
of machining. 

The extensive use of keys for holding gears, pulleys, 
flywheels, etc., in place on their shafts has lead to the 
development of special machines for cutting the keyseats 
or keyways in the hubs of parts of the class mentioned. 
Work of this kind is often done on a slotting machine or 
shaper, but a regular keyseating machine (VoL IV, p. 
152) is usually more convenient and effective. 

Machine Tool Speed and Feed Mechanisms. — In all 
metal-cutting operations, it is important to do the cutting 
as rapidly as possible, in order to operate the machine 
efficiently. The cutting speed is limited, however, by 
the fact that a tool dulls and deteriorates rapidly if the 
speed is excessive. For this reason, most machine tools 
are driven through some form of mechanism which 
enables the speed to be changed, as some metals can be 
cut at a higher rate of speed than others, and variations 
in the size of different parts also necessitate changes in 
the speed of rotation, in order to secure a given surface 
speed at the point where the tool is at work. The 
article on Machine Tool Drives, Vol. IV, p. 270, 
contains general information of especial value to machine 
tool designers. The different forms of mechanisms used 
on machine tools of various classes are described in the 
section Speed and Feed Mechanisms, Vol. V, p. 402. 
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The speed mechanism controls the rate of cutting, 
whereas the feed mechanism controls the amotmt of metal 
removed by the tool for each revolution of a m^rTiinf of 
the revolving type, or for each stroke of a machine which 
operates with a rectilinear movement. The mechanisms 
described in this section constitute some of the most 
important features found on machine tools. 

Lubrication of Cutting Tools. — It is common practice 
to flood metal-cutting tools with some cooling compound 
or lubricant when they are in operation, principally to 
cool the cutter and work and thus make it possible to 
operate the machine at a higher rate of speed without 
excessive dulling of the tool. There are various ways of 
sui^lying the lubricant to cutting tools, and of collecting 
it after use, so as to avoid waste and permit of again 
using the lubricant. Lubricating systems vary more or 
less with different designsof machinesand types of cutting 
tools. Various forms of distributing pipes and nozzles, 
methods of recovering used lubricants, piping connections 
for movable slides, and drainage pan tanks and reservoirs 
are illustrated in the article Lubricating Systeics for 
CuTTiNo Tools, Vol. IV, p. 256. 

Shearing and Punching Machines. — In working with 
sheet metal or flat plates, it is often necessary to split 
the sheets or trim the edges to a given form. Shears 
operated either by hand or by power are generally used 
for this work. A brief review of machines of this dass 
wiU be found in Vol. V, p. 354. Another operation 
common to sheet metal work, especially on fairly heavy 
plates, is that of punching holes, which usually are to 
receive rivets. While such holes could be drilled by 
means of a drilling machine, they can be punched more 
rapidly, the punch and its die being practically a small 
circular shear that forms the hole. Tools of this dass 
are described in Vol. V, p. 214. 

Power Presses for Die Work. — Dies of various kinds 
are used eztensivdy for forming parts from sheet metal, 
espedally if the shape is irregular and many duplicate 
parts are required in connection with manufacturing 
work. Dies are also employed for perforating, embos- 
sing, drawing seamless shells, and for innumerable other 
operations. The power-driven presses to which the 
dies are attached vary greatly in design and size; thdr 
purpose is to supply the necessary motion and pressure 
for forming the work in the die. Presses, in general, 
are so constructed that the depression of a foot-treadle 
starts the press and an automatic dutch stops it after 
completing a working stroke, unless arranged for con- 
tinuous operation. The section on Power Presses, 
Vol. V, p. 149, explains the more important construc- 
tional features and indudes information on the applica- 
tion of different types of presses. The special designs 
of dutches used for power presses are described in the 
section on Clutches, Vol. II, p. 137. 

Machine Tool Accessories. — Machine tools, such as 
lathes, planers, drilling machines, milling machines, 
grinding machines, etc., require some auxiliary equip- 
ment before they can be used. The number of special 
tools or accessories varies with different machines and 



also with different operations. In addition to the cutting 
tools needed, special provision must be made, at times, 
for supporting or holding the work, while the cutting tools 
are in operation. Some toob of this dass are known as 
''arbors" or "mandrels," different types and thdr 
applications being shown in the article on Arbors and 
Mandrels, VoL I, p. no. Some arbors are used for 
holding a cutting tool instead of the work. (See Vol. I, 
p. 123.) The various kinds of chucks used on machine 
tools represent another important accessory. Some 
chucks are intended for holding parts while they are being 
operated upon and others for holding cutting tools. 
(See Chucks, Vol. 11, p. no; Magnetic Chucks, 
Vol. IV, p. 290; Drill Chucks, Vol. n, p. 429.) In 
order to transmit motion from the rotating member of 
a machine to the work, "dogs" or "drivers" are fre- 
quently used, espedally in connection with lathe work. 
(See VoL II, p. 394.) When rather slender shafts or 
other parts are being turned between the centers of the 
lathe, it is often necessary to support them, and steady- 
rests are used for this purpose. (See Vol. V, p. 552.) 
Steadyrests are also needed in connection with most 
cylindrical grinding operations. (See Vol. V, p. 545.) 
The cutting tools used on machines adapted for general 
operations may be dther forged solid or consist of a tool- 
holder in which a cutter is inserted. (See Tool-holders, 
Turning, VoL VI, p. 297, and Thread-tool Holders, 
VoL VI, p. 278.) In addition to the auxiliary tools 
referred to, many special types are needed for different 
classes of work. A variety of these tools and attach- 
ments are shown in the illustrations of operations de- 
scribed in artides referred to in this Gun>E imder "Ma- 
chine Shop and Toolmaking Practice." 

Special Attachments for Machine Tools. — The range 
of work that can be done on some machine toob can be 
extended considerably by equipping the machine with a 
special attachment. The dividing or indexing head is 
an attachment for the milling machine to peimit dividing 
circular parts into an equal number of spaces, or for 
imparting a rotary motion to the work for the purpose 
of milling a helical groove. (See Indexing, VoL IV, p. 
47.) Attachments are also used on the milling machine 
to convert it temporarily into another type, or to permit 
operations for which the milling machine was not 
primarily designed, as explained in the artide on Milling 
Machine Attachments, Vol. IV, p. 386. Engine 
lathes often have an attachment for taper turning, 
described in Vol. VI, p. 183, and the lathes used for tool- 
making operations have attachments for giving the tool 
a redprocating motion for backing off the teeth of milling 
cutters. (See Relieving Attachiients, VoL V, p. 258.) 
Planers have, as a rule, much less aiudliaiy equipment 
than lathes, although they are sometimes supplied with 
attachments intended to increase the range of work that 
can be done on an ordinary machine. Different types 
are described in the artide on Planer Attachments, 
VoL V, p. 91. 

Gaging and Testing Appliances. — While the high- 
grade machine tools now manufactured are capable of 
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extremely accurate results, it is necessary to use various 
forms of gages in order to insure the making of finished 
parts to specified sizes and the production of di^ilicate 
parts uniform in size. Some of these tools are adjustable 
and graduated to show linear or angular measurements; 
others are not adjustable, but intended for testlog the 
size of some part which is made repeatedly. The ordi- 
nary forms of measuring and gaging instruments and tools 
are referred to in this Guide under the general heading 
"Standards and Methods of Measurement." In addi- 
tion to the tools of this dass, there are other forms used 
in machine shops and tool-rooms for detecting inaccu- 
racies either in regard to the location or form of flat or 
curved surfaces. Representative tools of this dass are 
described in the following artides: Surface Gage, 
Vol. VI, p. 127; Imdicatoks, Center and Test, Vol. IV, 
p. 55; Squares, Vol. V, p. 520; Straightedges, Vol. 
VI, p. 94; Surface Plate, Vol. VI, p. 128; and Levels, 
Vol. IV, p. 198. 

Tools Used in Assembling. — When parts that have 
been finished in machines of different dasses are as- 
sembled to form a complete machine or mechanism, 
some fitting by hand may be necessary, such as diipping 
or filing. At the present time, however, such work is 
avoided, as far as possible, and is usually unnecessary, 
because machine tools now available are capable of 
produdng parts so accuratdy that they may be as- 
sembled without difficulty. Hand work, however, is 
often necessary, there being various reasons why it is not 
practicable to eliminate it entirdy. The tools used 
most frequently for fitting by hand are hand-hammers, 
Vol. in, p. 498; chisels. Vol. II, p. 107; and files. As 
files are made in a variety of forms, information is given 
(Vol. in, p. 117) on their classification and the difierent 
purposes for which the various types are intended. 
Owing to the extensive use of files, artides are induded 
on File Manufacture, Vol. m, p. izo, and File 
Testing, Vol. in, p. 123. The eqmpment referred to 
in the following artides is also of especial value in con- 
nection with fitting and assembling: Vises, Vol. VI, 
p. 438; Benches, Vol. I, p. 339; Oilstones, Vol. IV, 
p. 504; Wrenches, Vol, VI, p. 552; and Ratchet 
Drills, Vol. V, p. 231. 

Abrasives and Grinding Wheels. — Abrasive mate- 
rials, such as are used in machine shops and tool-rooms, 
may be in the form of grinding wheels, in loose granular 
form, or applied to the surface of paper or doth. Grind- 
ing wheeb are eztensivdy used both for grinding or 
sharpening edged tools and for finishing machine parts, 
usually after the approximate size and shape required are 
obtained by a preliminary machining operation, such as 



turning, planing, or milling. Loose abrasive may be 
used for correcting slight errors between siuiaces, either 
by a giinding-in or lapping process, and they are also 
employed for polishing operations. Abrasive paper and 
doth is eztensivdy used for polishing, and, in the form 
of bdts or disks given motion by a suitable machine, 
for grinding and finishing different materials. Some 
commercial abrasives are obtained from natural sources, 
but most of them are produced artificially. (See 
Abrasives, VoL I, p. 3; and Abrasive Paper and 
Cloth, Vol. I, p. 2.) 

The formation of loose abrasive into grinding wheels 
capable of withstanding the high speeds essential to 
efficient grinding involves some process which serves to 
bind the grains of abrasive firmly together. Different 
bonding processes are described in the section on Grind- 
ing Wheels, Vol. HE, p. 471, which also explains the 
different methods of grading wheels, the classes of work 
for which different types of wheels are adapted, methods 
of mounting grinding wheels, the speeds at which they 
should be operated, methods of truing wheeb, and the 
prevention of accidents. The artide on Grindstones, 
VoL in, p. 487, and Exhaust Systeics for Grinding 
AND Polishing Wheels, Vol. m, p. 75, should also be 
referred to. 

Hoisting and Conveying Apparatus. — In shops build- 
ing heavy machinery, hoists and cranes are needed to lift 
heavy castings and forgings, or for conveying them from 
one machine to another, as well as to assist in the work 
of assembling heavy parts. These hoists axe operated 
dther manually or by power. If power-driven, com- 
pressed air or dectridty is generally employed. Tlie 
artide on Hoists, Vol. IV, p. 26, covers types of appara- 
tus that are used prindpally for the lighter classes of 
work. General information on more powerful hoisting 
appliances is given in the artide on Crane Design, 
Vol. n, p. 232. The usual method of connecting the 
hook of an ordinary crane or hoist to the object to be 
lifted is by means of a chain or rope (see Chains and 
Slings for Hoisting, Vol. H, p. 56), but many forms of 
hoisting apparatus are now equipped with lifting magnets. 
These magnets grip the parts to be lifted as soon as they 
come into contact with them, no chains or rope slings 
being required. The different types of lifting magnets 
are described and general information on their design is 
given in the artide on Leeting Magnets, Vol. IV, p. 203. 

Conveyors, Vol. n, p. 199, are not used very gener- 
ally in machine shops, but they are indispensable for 
handling coal, ore, and many other materials which must 
be loaded, unloaded, or transported in the operation of 
power plants, blast furnaces, or manufacturing plants. 
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'Y^HE practice followed in machine shops in cutting 
and finishing castings and forgings, or in pro- 
ducing parts from bars of stock, and assembling different 
parts to form machines of various classes, depends 
largely upon the nature of the work, its size and ^pe, 
the degree of accuracy required, and the number of 
duplicate parts needed. In general, machine shop work 
involves, first, the selection of a tool or machine; second, 
the adjustment or operation of that tool or machine so 
that it performs the necessary work; and, third, the 
assembling of separate parts so that they conform to the 
plan or design of the machine or mechanical device being 
constructed. Most parts which are partly or entirely 
produced by some machining process can be operated 
upon in more than one type or design of machine tool, 
so that the question of tool selection involves a knowledge 
of the particular kinds of work for which different 
machines are especially adapted. This point may be 
illustrated by considering the method of making a small 
screw. Work of this kind could be done in an ordinary 
engine lathe, and, if one or only a few screws were needed, 
such a machine would probably be superior to any other; 
but, if a great many screws were required, an automatic 
screw machine would be much superior to the lathe, as 
it is intended especially for such work. Similar com* 
parisons might also be made in the case of different types 
of planing, milling, or grinding machines, as well as of 
other classes of machine tools. 

Methods of Studying Shop Practice. — The adjust- 
ment and operation of different machine tools depends 
largely upon the type of the machine and the exact 
nature of the operation. Men not experienced in such 
work should study the exact methods of procedure in 
performing various operations. A great deal of work 
connected with machine construction depends almost 
entirely upon direct kncwledgCy rather than upon skillful 
manipulation of tools; that is the reason why good 
treatises on different branches of shop practice are of 
such practical value. Some shop men contend that it 
is necessary to learn ever3rthing by actual experience; 
that is a good way to learn, but it .has one great dis- 
advantage; namely, that the average man's experience, 
especially at the present time, does not cover enough 
mechanical territory. Frequently, men who rely en- 
tirely upon personal experience possess a mechanical 
knowledge that is bounded by the walls of the shop in 
which they work. Machinery's Encyclopedia con- 
tains more definite information, capable of practical 
application, than any man could acquire in a lifetime 
of actual experience. 

Shop Practice for Designers. — It should not be 
inferred that the articles on different branches of machine 
shop practice are of value only to those actually engaged 



in shop work, because they may also be studied with the 
greatest profit by draftsmen or machine designers. 
Some designers consider very carefully the intended use 
and strength of a machine part, but do not realize the 
importance of designing it in such a manner that eco- 
nomical manufacturing methods are possible. This is 
especially true of yotmg technical graduates and others 
of limited experience; they often design parts that meet 
all requirements as to strength and effectiveness in per- 
forming the service required, but, frequently, these parts 
are considered to be of very inferior design by the shop 
foreman. The trouble often is that the designer did not 
consider, except in a general way, how the casting or 
forging should be machined to enable the work to be 
done efiidently. While designers, naturaUy, think of 
finished surfaces, bearings, drilled and tapped holed, 
recesses, etc., there are many who do not consider the 
matter from the viewpoint of economical production, 
nor the exact methods and tools which must be employed 
in performing the various operations. 

The analysis of manufacturing problems encountered 
in machine design is something like this: Can the part be 
machined? How? On what type of machine? Would 
a simple change make it possible to use another machine 
to better advantage? Can various members be as- 
sembled without difficulty? When it is dedded that the 
work can be machined on some of the standard machine 
tools, many designers do not consider it necessary to go 
into the subject further, unless they have had practical 
experience in tool designing and manufacturing; but 
there are many important points in connection with 
machine designing that materially affect the cost of 
manufacture, such as the location of holes that must be 
drilled and tapped, the general shape of castings or 
forgings, whether projecting lugs should be a part of a 
casting or be attached to it, the use of temporary flanges 
or lugs for holding or driving a part while machining it, 
the coring of internal grooves or recesses to avoid ma- 
chining operations, etc. Of course, the effectiveness of 
a piece of mechanism must be the first consideration, and 
the weight, strength, and even the general appearance 
are important features that must be considered; in fact, 
the methods of manufacture may, in some instances, be 
secondary, but, nevertheless, it is essential to study them 
carefully. The Encyclopedia contains a great deal of 
information covering general practice and methods of 
procedure which will assist the designer to choose 
economical methods of production. 

Application of Bngine and Turret Lathes. — The 
engine lathe is the most common of all machine tools. 
This type of machine may be used for ttuning cylindrical 
or tapering parts, for boring holes, for facing flat radial 
surfaces, for cutting screw threads, and for numerous 
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other operations. The arrangmg of a lathe for any 
operation usually involves selecting a cutting tool of the 
right shape and adjusting the machine to feed the tool 
at the proper rate, unless the cuts are very short and the 
movements of the tool are controlled entirely by hand 
manipulation. Provision must also be made for sup- 
porting the work. That part of the section on lathes 
following the paragraph headed AppHcaHan of Engine 
Lathe, Vol. IV, p. iSo, covers the more elementary 
features of lathe operation. The following articles 
should also be studied: Centering, Vol. n, p. 38; 
Lathe Centees, Truing, Vol. IV, p. 169; Taper 
Turning, VoL VI, p. 181; Shaft Turning, Vol. V, p. 
341; and Knurling, Vol. IV, p. 155. The grinding of 
the cutting tools used in lathes and other types of ma- 
chine tools is very important, and it is advisable for the 
student to understand the principles of tool grinding 
before proceeding farther. (See Tool Grinding, Vol. 
VI, p. 393.) The turret lathe is a development of the 
engine lathe and is intended more for manufacturing 
duplicate parts than for general application, although 
machines of this kind are capable of a wide range of work, 
when equipped with the necessary tools. The general 
application of turret lathes is dealt with in Vol. VI, p. 

350. 

Operation of Planers, Shapers, and Slotters. — Before 
the planing machine was invented, flat or plane surfaces 
were finished by chilling with a hammer and cold- 
chisel and then filing the rough surface to make it smooth. 
Much of this work is now done on some form of planing 
machine. A general idea of planing practice may be 
obtained from the article Planing Methods, Vol. V, 
p. 1 10. The causes of distortion resulting from improper 
methods of clamping parts to the work table of a planer 
are explained in Vol. II, p. 122. As shapers operate on 
the same general principle as planers, the article on 
Shapers, Vol. V, p. 343, deals more especially with the 
constructional features common to different types of 
shapers. The cutting tools used on shapers are also 
similar to planer tools, although they are usually much 
smaller, since shapers are intended for a lighter dass of 
work than planers. The slotting machine, which is 
practically a vertical planer, is often equipped with end- 
cutting tools and is adapted to both straight and circular 
planing operations, as explained in the article on Slot- 
ting Machines, Vol. V, p. 382. 

Operation of Milling Machines. — The milling process 
is extensively applied not only to manufacturing, but also 
in connection with many operations on tools, dies, etc. 
It is esi)ecially adapted to the forming of duplicate parts 
that are not symmetrical but irregular in shape, as well 
as for finishing fiat surfaces, cutting grooves or slots, 
milling helical or spiral grooves, and for many other 
purposes. The most fundamental milling processes are 
described in Vol. IV, p. 400. Milling machines are often 
used for cutting the teeth in gears, especially if only a 
few gears are needed (Vol. Ill, p. 322), for fluting 
reamers and taps, and for other operations that require 
a circular part to be divided into equal spaces or divi- 



sions. The special attachment used for obtaining 
uniform spacing is known as a "dividing" or "indexing 
head;" it is sometimes called a "^iral head," because 
it is also used for milling spiral or helical grooves. The 
different methods of spacing or indexing work are 
described in an article on Indexing, Vol. IV, p. 47, 
which includes the simple, compound, and differential 
systems. 

There are two general methods of producing irregular 
forms, in duplicate, by milling; one is by using a formed 
milling cutter (Vol. IV, p. 380), having cutting edges 
shaped to give the work the required form, and the 
other is by employing a special model or templet that 
serves to guide the milling cutter. The latter principle 
is used in milling irregular profiles (see PRomiNG, Vol. 
V, p. 172), in milling cams (see Cam Milling, VoL I, 
p. 551), and for engraving dies, letters, or designs (see 
Engraving Machines, Vol. III. p. 58). 

General Drilling Practice. — Drilling a hole in a 
piece of iron or steel is a very simple operation, but 
general drilling practice as carried on in large machine 
shops is a more profound subject than many su{^>ose. 
As a great number of holes must be drilled in many 
machine-building plants, the problem is how to do the 
work most efficiently. The machine should be of a type 
and size adapted to the work, and special equipment in 
the form of drill jigs for locating and guiding the drills is 
imiversally used for drilling duplicate parts. The 
drilling of exceptionally deep holes also necessitates 
special toob and methods. The article on Drilling, 
Vol. n, p. 437, covers the general application of drilling 
machines. In view of the fact that efficient results 
cannot be obtained unless drills are correctly ground, 
the fundamental principles of drill grinding (VoL 11, p. 
432) should be thoroughly understood. (See also Deep- 
hole Drilling, Vol. II, p. 446, and Drilling Ma- 
chines, Vol. II, p. 456.) The article on Jigs and 
Fixtures, Vol. IV, pp. 114 to 120, inclusive, should also 
be referred to, as it contains general information on the 
application of jigs to drilling. 

Application of Grinding Machines. — When parts are 
to be ground either to correct dbtortion, resulting from 
a heat-treatment process, or as an efficient means of 
finishing surfaces smoothly and accurately to a given 
size, the type of machine to use and the method of 
procedure are governed by the form of the work, its siase, 
the degree of accuracy necessary, and the amount of 
grinding to be done. The article on Grinding Methods, 
Vol. in, p. 445, is a condensed treatise on this subject. 
One of the important reqiiirements for any grinding 
operation is to use a wheel that is suitable for the work 
at hand. The principles governing grinding wheel selec- 
tion are explained in Vol. HE, p. 484. The efficiency of 
grinding operations, in general, also depends largely upon 
the relative speed of the wheel and work, as e3q>lained in 
the article on Grinding Speeds, Vol. Ill, p. 468. The 
following articles should also be studied: Steadyrest 
roR Grinding, Vol. V, p. 545; Disk Grinding, VoL n, 
p. 383; Cylinder Grinding, Vol. II, p. 295; Crank- 
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SHAFT Gkimding, Vol. II, p. 265; Cam Grinding, Vol. I, 
p. 548; Pulleys, Form Grinding, Vol. V, p. 180; 
Gear Tooth Grinding, Vol. HE, p. 382; and Roll 
Grinding, Vol. V, p. 278. For descriptions of di£Ferent 
types of grinding machines, see Vol. in, p. 432. 

Horizontal and Vertical Boring Machines. — When 
castings or other parts are quite large in diameter in 
proportion to their length or height, the vertical boring 
mill is frequently used for turning and boring operations. 
A flywheel is a good example of work for which the 
vertical boring mill is adapted. The article on Boring 
Machines,. Vol. I, p. 469, includes, in addition to a 
general description of a typical machine, information 
on the practical application of boring mills in general. 
The horizontal type of boring machine is intended for an 
entirely different class of work, as explained in the same 
article. 

Adjustment and Use of Automatic Turning Machines. 
— At the present time, almost any cylindrical machine 
part of small or medium size can be made in some form 
of automatic turning machine, which is one reason why 
there are many problems to solve in setting up, adjusting, 
and operating machines of this class. The variety of 
work that can be done on a modem automatic screw 
machine is endless, and the production of each different 
part requires careful planning. Tools must be selected 
that will give accurate and efficient results, and these 
tools must be properly applied. The successive order of 
the different operations is a factor upon which the rate 
of production largely depends. The problem is often 
still further complicated by the fact that some of the 
parts can be produced in several different vrays, but 
usually there is a good reason why one way is preferable. 
Many of the more impoTtant tools used on ''automatics" 
and the operations for which they are intended are dealt 
with in the article Autoicatic Screw Machine Tools 
AND Operations, Vol. I, p. 150. This article is in- 
tended to supplement the one on Autoicatic Turning 
Machines, Vol. I, p. 178. 

Methods of Cutting Threads. — The methods of 
cutting screw threads range from the use of a tap or die 
that is turned by hand, to a special machine driven by 
power and designed exclusively for threading operations. 
Threads are frequently cut in the engine lathe, which 
must then be equipped with gearing for producing 
threads of different pitch. The article on Thread 
Cutting, Vol. VI, p. 234, explains how to determine, by 
calculation, the gears to use for any pitch, and includes 
a great deal of general information on thread-cutting 
methods. In connection with this subject, the following 
articles should be studied: Threads, Vol. VI, p. 264; 
Thread Tools, Vol. VI, p. 281; Thread Milling, 
Vol. VI, p. 258; Thread Rolling, Vol. VI, p. 261; and 
Thread Measuring and Testing, Vol. VI, p. 249. 

In building certain classes of machinery, a great many 

holes must be threaded to receive stud-bolts, cap-screws, 

machine screws, etc., and threading operations of this 

kind are done by means of taps. The general methods 

of tapping and the equipment used for this work are 
336 



described in the article on Tapping, Vol. VI, p. 194. The 
special machines used for cutting the threads on bolts 
of various kinds are known as ''bolt cutters." (See 
Vol. I, p. 449.) Special machines are also used for 
threading the ends of pipes where there is enough work 
of this kind to warrant using a power-driven machine 
instead of a die that is turned by hand. (See Vol. V, 

P- 55.) 
Special Turning and Boring Tools. — In the past, 

machine tools that were comparatively simple and 
intended principally for general work were used, but now 
many of the machines employed in manufacturing are 
complex and, in some cases, actually built around the 
parts they produce. The small auxiliary tools and at- 
tachments used in the modem machine tools, however, 
are not lacking either in cleverness of design or in effec- 
tiveness as a means of enabling duplicate parts to be 
produced accurately and rapidly. In many cases, a 
special tool greatly increases the range of a machine, or 
enables it to perform work which otherwise could not be 
done in it. A variety of these special designs are de- 
scribed in the following articles, which also include many 
tools adapted for general work: Boring and Recessing 
Tools, Vol. I, p. 457; Eccentric Turning, Vol. II, p. 
520; Spherical Turning, Vol. V, p. 444; Elliptic 
Turning and Boring, Vol. in, p. 54. 

Cutting the Teeth of Gears. — One of the practical 
problems frequently encountered in building various 
kinds of machinery is that related to the cutting of gear 
teeth. While most gears are cut in machines designed 
especially for this purpose, the milling machine b quite 
generally used for gear cutting, especially if few gears 
are needed. The general procedure in cutting spur, 
spiral, helical, and worm gearing Is explained in the 
article on Gear Cutting in Milling Machine, Vol. m, 
p. 3 2 2. After the cutting of gears in the milling machine 
is thoroughly understood, the application of regular 
gear-cutting machines (see Vol. m, p. 331) may be more 
readily comprehended, although many of these lattec 
machines operate on an entirely different principle from 
the ordinary milling machine. In connection with this 
subject, reference should be made to the article on Rack 
Cutting, Vol. V, p. 227; Gear Tooth Chamfering, 
Vol. Ill, p. 381; and Gear Tooth Grinding, Vol. ni, 
p. 382. Specific information on the forms of cutters 
used on certain types of gear-cutting machines will be 
found in the following articles: Gear-cutters, Vol. in, 
p. 320; Hobs for Spur and Spiral Gears, Vol. IV, p. 
13; and Hobs TOR Worm-gears, Vol. IV, p. 22. As 
gear-cutting methods are closely related to the principles 
of gear design, the articles dealing more especially with 
the design of gearing should be carefully studied. (See 
Spur Gearing, Vol. V, p. 501; Bevel Gearing, VoL I, 
p. 352; Worm Gearing, Vol. VI, p. 541; Spiral 
Gearing, Vol. V, p. 461; and Herringbone Gears, 
VoL in, p. 544.) 

Speeds and Feeds for Metal Cutting. — Ordinarily, 
in starting any metal-cutting operation on a machine 
tool, the first step, after the machine is properiy adjusted 
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and the work is in position, is to regulate the speed or 
rate at which the cutting is done. On many machines 
this involves adjusting either the rotary speed or the 
rectilinear motion of the tool or work, and regulating the 
amoimt of metal that is removed by the tool for each 
stroke or revolution of the machine. For instance, a 
lathe should revolve the work as rapidly as possible 
without excessively wearing the cutting tool, and the 
tool should feed a certain amount for each revolution of 
the part bang turned. The numerous factors governing 
the selection of speeds and feeds of different machine 
tools are considered in the section on Speeds and Feeds, 
Vol. V, p. 433. This section also contains a great deal 
of data obtained from actual practice which may be used 
as a general guide, or until actual experience demon- 
strates what speeds and feeds give the best results for 
any particular dass of work. As the speed of cutting 
depends partly upon the use of lubricants, this subject 
should also be considered, as explained in Lubricants 
FOR Machining Operations, Vol. IV, p. 253. 

Limits and Allowances for Fitting. — In view of the 
fact that some machine parts must fit tightly together, 
whereas others must be free to slide or revolve relative 
to each other, it is apparent that there must be some 
basis for determining the degree of tightness or looseness, 
as the case may be; moreover, as it is not practicable to 
finish any part exactly to a given size with any assur- 
ance that the dimension is absolutely correct, and since 
unnecessary accuracy means a waste of time, it is the 
general practice, especially in connection with the 
manufacture of duplicate parts and machines, to specify 
certain limits representing the maximum and minimum 
sizes, or the tolerance permitted, to avoid unnecessary 
refinement. These fit allowances and limits or toler- 
ances vary considerably for different classes of work, and 
are usually given on drawings and are specified by the 
designer. (See Fit Allowances tor Machine Parts, 
Vol. in, p. 144; and Ldcet, Vol. IV, p. 210.) 

Laying Out Machine Parts. — Lines are often drawn 
on parts that are to be machined, in order to show 
approximately, at least, the location of finished surfaces 
and frequently to prevent removing so much metal from 
one side of a casting or forging that there is not enough 
metal on some other side to permit finishing it. The 
drawing of such lines is known as '^ laying out," and while 
it is important for the machinist or toolmaker to know 
something about the general procedure in laying out 
machine parts, such work is done very little at the present 
time, owing to the extensive use of jigs and fixtures which 
hold parts in the correct position for machining them, 
and guide the cutting tools so that lines indicating 
finished surfaces or the location of holes are unnecessary. 
In many repair shops, however, and other places where 
a great variety of work is handled, it is not economical to 
make jigs or fixtures for many operations, and it is 
necessary to lay out the parts. (See Laying Out 
Machine Parts, Vol. IV, p. 188; and Laying Out 
Angles, Vol. I, p. 94.) The artide on Sheet Metal 
Pattern Drafting, Vol. V, p. 356, also contains 



information of practical value in connection with this 
work. 

Assembling Machine Parts. — The work of assembling 
the parts that form a machine may involve little more 
than arranging these parts in the ri^t relation to one 
another and applying and tightening the screws, nuts, 
bolts, or other fastening devices that are used to hold 
them together. In many cases, however, the work of 
assembling and erecting involves more or less fitting 
and trimming, either by chipping, filing, or scraping. 
Tests for alignment between different parts may also be 
necessary, and there are many other kinds of woric done 
in assembling departments. The article on Assembling 
Machine Parts, VoL I, p. 128, explains the general 
requirements connected with this work and contains 
examples from practice illustrating different methods of 
procedure and the use of special equipment designed to 
facilitate assembling operations. The following kindred 
subjects should also be studied: Chisels, Vol. n, p. 107; 
Filing, Vol. Ill, p. 128; Scraping Machine Parts, 
Vol. V, p. 319; Babbhting Bearings, Vol. I, p. 199; 
Valve Grinding, Vol. VI, p. 382; Shafting Aligning, 
VoL V, p. 336; and Balancing, Vol. I, p. 205. 

Locomotive Repair Work. — The general repair of 
locomotives includes a variety of work that is instructive 
along practical lines, and for that reason the more im- 
portant branches of locomotive repair work are dealt 
with in a special section of the Encyclopedia. This 
article is not intended exclusively for men in railway 
shops, but for everyone interested in general machine 
shop practice. (See Vol. IV, p. 224.) 

Wire Forming and Spring Winding. — A piece of wire 
with some bends and twists in it is not especially interest- 
ing unless we know something about the methods of 
forming wire parts — then a small piece of bent wire 
is interesting, because it suggests to the mind the tool or 
machine used in changing it from the straight form to 
what may be an accurate and symmetrical shape. Bent 
wire parts are now used for many different purposes, and 
ingenious machines and tools are frequently employed 
in forming them. The artide on Wire Forming, Vol. 
VI, p. 515, covers the general conditions involved in 
wire forming, the operation of wire forming machines 
and wire straightening devices, and other general infor- 
mation. Different methods of winding springs are also 
described in the article Spring Coiling, Vol. V, p. 480. 

General Toolmaking Practice. — The construction of 
machinery and tools is fascinating work to the man with 
a natural bent for mechanics, because there is an almost 
endless variety of problems, especially in the twftlring of 
various dasses of tools. If a part requiring several 
operations is to be machined, it is necessary to dedde how 
and where to begin, and how to proceed so that the 
different operations foUow in their natural order. At 
times, there are several ways of doing the same job; in 
fact, this is frequently the case, but to determine the best 
way often is a problem the solution of which requires an 
intimate knowledge of the use of various toob and the 
application of approved methods. Much of the work 
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done by toolmakers must be so accurate that the ordinary 
methods employed in machine manufacture are not 
suitable. Drilling a few holes through a plate may seem 
like a simple operation, but if these holes must be located 
certain distances apart and be of a given diameter, 
within a fractional part of a thousandth of an inch, the 
operation may prove very difficult, unless the toolmaker 
follows a method that will insiure the required degree of 
accuracy. The work of the toolmaker requires, as a rule, 
considerable skill in the handh'ng of tools, owing to the 
delicate and accurate nature of many toolmaking opera- 
tions. While such skill must be acquired by experience 
and practice, a general knowledge of many of the funda- 
mental methods and processes employed in tool work 
may be obtained from the treatises listed herewith: 
Locating Methods, Vol. IV, p. an; Dividing Meth- 
ods, Vol. n, p. 387; SiNE-BAK, Vol. V, p. 366; Cutter 
Grinding, Vol. n, p. 285; Laps and Lapping, Vol. IV, 
p. 158; and Seasoning Steel and Cast Iron, Vol. V, 
p. 330. Much practical information may also be 
obtained from the articles on tool design, especially those 
which follow: Drills, Vol. n, p. 465; Counterbores, 
Vol. n, p. 223; Taps, Vol. VI, p. 203; Reamers, Vol. V, 
p. 240; Dies, Threading, Vol. n, p. 377; Chasers, 
Vol. n, p. 81; Milling Cutters, Vol. IV, p. 367; Jig 
Bushings (Methods of Making Jig Bushings), Vol. IV, 
p. 98; and Graduating, Vol. ni, p. 419. As trigo- 
nometry is of especial value in toolmaking, this branch 
of mathematics should be thoroughly understood. (See 
Trigonometry, Vol. VI, p. 324.) 

Constraction of Sheet Metal Dies. — The making of 
dies or tools of the class used prindpaUy for forming and 
punching sheet metal parts is a trade requiring consid- 
erable judgment, experience, and skill. The diemaker 
encoimters a great variety of work, owing to the numer- 
ous types of dies in use and the variations in their form, 
and should be familiar with the use of different machine 
tools, such as the lathe, shaper, and milling machine. 



Special tools and attachments are also used for some 
diemaking operations. The diemaker should also 
understand the principles of die construction and the 
general application of different types of dies. 

A broad general knowledge of die construction may 
be obtained by studying various designs and becoming 
familiar with those features which have proved success- 
ful in actual practice. A review of various classes of 
dies will be found in VoL II, p. 363. More complete 
information on the most important types of dies may be 
obtained from the following articles: Drawing Dies, 
Vol. n, p. 404; Bending Dies, Vol. I, p. 344; Sub-press 
Dies, Vol. VI, p. 114; Ferporating Dies, VoL V, p. 4; 
Curling and Wiring Dies, VoL n, p. 282; and Stamp- 
ing or Lettering Dies, VoL V, p. 523. The article on 
Diemaking, VoL n, p. 342, deals especially with blank- 
ing dies, as dies of this type are used more extensively 
than any other. (See also Die Hardening, Vol. n, 
p. 340; Stop-pins for Dies, Vol. VI, p. 79; and Die- 
beds OR Bolsters, Vol. n, p. 312.) 

Spinning Metals. — When 'sheet metal is used itf the 
manufacture of various parts of circular cross-section, 
such as hollow cup-shaped articles, dies may be used, or 
the flat stock may be given the required shape by press- 
ing it over a revolving form or model by hand-manipu- 
lated tools; the latter process is known as "metal spin- 
ning." Much more time is required to form a part by 
spinning than by the use of a die, but the first cost of the 
special equipment needed for spinning is relatively low, 
and, if only a few articles are needed, they are generally 
formed by spinning. While this process is not connected 
with die design or construction, it should be understood 
by everyone interested in methods of manufactiuing 
sheet metal parts. The article on Spinning Metals, 
VoL V, p. 453, covers the types of tools used for this 
work and explains how they are manipulated in spinning 
different shapes that are representative of the metal 
spinners' art. 
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ILIETALS in the form of flat sheets, bars, or tubes 
may be joined together in several ways, each having 
pecutiar advantages. The methods adopted vary with 
different metals and also depend upon the size and form 
of the work and whether or not a tight and permanent 
joint is required. If two parts are to be joined so as to 
be readily separated, either screws, bolts, or some form 
of threaded joint would ordinarily be employed, but if 
the joint is to be permanent, the ends would usually be 
held together either by riveting, seaming, or by some 
welding or soldering process. Some methods of forming 
joints are intended principally to give strength enough 
to withstand stresses and prevent one section of the joint 
from separating from the other; with some other methods, 
the hrst consideration is the making of a tight joint, so 
that hquids or gases cannot escape through it. Metals 
may also be joined so that the place where they are 
united is not only leak-proof, but also capable of with- 
standing practically the same stresses as any other 
section. In studying this general subject, it is essential 
to note the classes of work to which the different methods 
and processes are applied, as well as the exact way in 
which the joint is made. 

Riveting and Seaming. — The joining of plates by 
overlapping the ends and inserting closely spaced rivets 
is extensively applied in the making of boilers, steel 
tanks, large steel pipes, and similar classes of work. 
The headless end of each rivet is usually beaten over 
while hot to form another head and to draw the two 
sections of the joint tightly together, although many 
rivets, especially of the smaller sizes, are headed while 
cold. The riveting over, or the forming of the rivet head, 
may be done either by means of a hand hammer, by a 
pneumatic hammer, by the appfication of hydrostatic 
pressure, or by a pressure-rolling or spinning process. 
The article on Rivets and Riveted Joints, Vol. V, p. 
268, shows different methods of applying rivets and 
contains information and formulas of value to designers. 
The machines used for riveting where considerable work 
of this kind is done are described in the article on Rivet- 
ing Machines, Vol. V, p. 265. The calking of riveted 
joints to prevent the leakage of liquids or gases tmder 
pressure is described in a special article in Vol. I, p. 528. 
The ends or edges of thin sheet metals are often joined 
by some form of interlocking seams, especially in the 
manufacture of tinware and similar products, as ex- 
plained in Vol. V, p. 329. 

Soldering and Brazing. — The soldering process, or the 
melting of an alloy along the edges of the parts to be 
joined, after applying a suitable flux, is a rather simple 
operation when ordinary ''soft solder" is used, and the 
principal object is merely that of making a tight joint. 
When greater strength than that obtained with soft 



solder, and also a tight joint is necessaiy, the operation 
usually requires considerably more experience and skill. 
The section on Soldering, Vol. V, p. 389, covers or- 
einaiy soldering methods, the fluxes and soldering fluids 
commonly used, the soldering of alumimun, and the 
electric soldering process. The use of "hard solder" 
for obtaining an exceptionally strong joint is generally 
known as "brazing." A separate article covering 
different brazing methods will be found in Vol. I, p. 500. 
(See also Sweating, Vol. VI, p. 139; and Soldes, Vol. 
V, p. 386.) 

Welding Processes. — The welding of metals requires 
the application of heat sufficient to make the ends or 
edges to be joined soft and plastic enough to join either 
directly with each other or with some other metal that 
is also heated and placed between the sections to be 
welded. The work may be heated for welding by a 
fbrge Are, by a gas flame, or by means of electricity. 
When the heating is done in a forge fire, a flux is applied 
to the heated surfaces to protect them from oxidation 
and to aid in dissolving any oxide that may have formed; 
the hot plastic ends are united either by hammering or 
by the application of pressure. When a high-tempera- 
ture gas flame is employed, hammering or the application 
of pressure is dispensed with. This method is generally 
known as "autogenous" welding, to distinguish it from 
the ordinary welding operations. When electricity is 
iised to heat the parts to be welded, the operation may 
be one of fusion without pressure, or a machine may be 
used which forces the sections to be welded firmly 
together. The autogenous process and also the different 
electric welding processes represent very important 
developments which have not only revolutionized wdd- 
ing practice, but made it possible to imite many parts by 
welding which formerly were riveted or joined in some 
other way less satisfactory than by means of a welded 
joint. General information on the various welding 
processes will be found in the following articles: Weld- 
ing, Vol. VI, p. 468; Welding, Autogenous, Vol. VI, 
p. 472; Lead Burning, Vol. IV, p. 195; Welding, 
Electhic, Vol. VI, p. 483; and Welding with Ther- 
mit, Vol. VI, p. 502. In connection with autogenous 
welding, see also Acetylene, Vol. I, p. 18; Oxygen, 
Vol. rv, p. 509; and Calcium Carbide, Vol. I, p. 526. 

Cementing Materials. — Adhesive substances, such as 
glue and cementing materials, are of little value in 
joining metals, although many cements are useful for 
sealing joints which are held together by bolts or by 
some form of threaded connection. The artide on 
Cementing Materials, Vol. 11, p. 36, includes water- 
proof compositions, acid-proof and oilproof cements, 
and cementing materials possessing various properties 
adapted to different purposes. , 
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'The finishing of metal surfaces by polishing or the 
covering of such surfaces with a thin coating 
of some other metal, may be done merely to improve the 
appearance of the work, or because a certain finish is 
essential to the usefulness of the product, making it 
more effective and durable. The bearing surfaces of a 
shaft or other revolving part are finished smoothly for 
the reason that rough surfaces would cut the bearings 
and cause excessive friction. It is also common practice 
to polish the surfaces of machine parts and various other 
products simply for the ornamental effect. What might 
be defined as the natural finish obtained by a polishing 
operation is often changed by some chemical or heat- 
treatment process in order to improve it or make it more 
durable. The plating process makes it possible to give 
some metals, such as iron or brass, the appearance of 
more expensive metals, such as nickel, silver, or gold. 
In engineering work, the most important processes of 
coating metal parts are those which are employed to 
protect the manufactured product from corrosion. 

Present Tendencies in Practice. — The practice of 
polishing machine parts simply to improve the appear- 
ance, which was followed quite generally at one time, 
has been abandoned by many manufacturers. A certain 
amount of ornamental polishing, however, is advisable in 
the manufact.iure of many classes of tools and machines, 
for even though the finished surface may not improve 
the quality of the product or its practical usefulness, a 
nicely polished surface does, in many cases, increase the 
appearance out of all proportion to the cost of the 
polishing operation. This is also true of plating processes 
.as applied to many manufactured articles. For infor- 
mation on the general subject of finishing metal surfaces, 
see Vol. m, p. 134. 

Polishing and Burnishing. — The polishing of metal 
surfaces to make them smooth and bright in appearance 
is usually done by bringing the surface into contact with 
some form of rapidly revolving polishing wheel, although 
the part to be polished is sometimes given a rotary 
motion, especially when the polishing operation is done 
inmiediately after turning in a lathe. The polishing 
material has a slight abrading effect upon the surface of 
the work, and, by using suitable materials selected with 
reference to the nature of the work, a mirror-like finish 
may be obtained on steel, brass, and various other metals. 
Different polishing materials and processes are described 
in the article on Polishing, Vol. V, p. 123. Many 
classes of work are given a smooth finish either by '' tumb- 
ling" the part in contact with polished steel balls, or by 
passing the smooth point of a biunishing tool over the 
surface requiring a smooth finish. (See Burnishing 
Metals, Vol. I, p. 521.) 

Coloring Metals. — The art of coloring metals is very 



old. Excellent examples of this work have been found 
in the ruins of the Aztecs of Mexico, and the Japanese 
and East Indians have colored metals for several cen- 
turies. There are three methods of producing colors 
on metals; namely, by heat-treatment, by applying a 
chemical solution; and by electroplating. For ordinary 
commercial work, the surfaces are usually colored by 
the application of some chemical solution. To secure 
beautiful color effects requires experience and the use 
of the proper chemicals. The shades and colors obtained 
with any solution vary for different materials, as slight 
changes in the composition of the material will produce 
different color effects, so that it is impossible to formu- 
late any fixed rules. With a little practice, however; 
one can secure excellent results by following the instruc- 
tions given in the section on Coloring Metals, Vol. n, 
p. 160, which contains general information on various 
coloring processes such as are used for finishing sheet- 
metal parts, the exposed metal surfaces of fire-arms, etc. 

Corrosion of Iron and Steel. — The injurious effects 
resulting from the rust or oxides which form on the 
surfaces of iron and steel parts, especially where there is 
excessive moisture, can be avoided by applying to these 
surfaces some protective coating. This coating may be 
some form of paint which does not rapidly deteriorate, 
an oxide coating, or a thin layer of some metal which 
does not deteriorate readily when subjected to dampness. 
The section on Corrosion of Iron and Steel, Vol. II, 
p. 213, is a general review of this subject, which is of 
importance to all users of iron and steel. 

Protecting Metal Surfaces. — The most general 
method of protecting iron and steel against corrosion, 
aside from the use of paint, is by coating the surface with 
zinc. This is commonly known as ''galvanizing," and 
a coating may be applied either by immersing the work 
in molten zinc, by means of an electrolytic bath, or by 
the sherardizing or vapor process. Owing to the uni- 
versal need of adequate means of preventing corrosion, 
many other processes have been developed and the more 
important of these are described. The following articles 
should be referred to: Galvanizing, Vol. Ill, p. 280; 
CowPER-CoLES Process, Vol. II, p. 232; Sherardiz- 
ing, Vol. V, p. 363; LoHMANNiziNG, Vol. IV, p. 243; 
Galvanti Process, Vol. HI, p. 280; Barjpf 
Metal Protecting Process, Vol. I, p. 244; Schoop 
Metal Spraying Process, Vol. V, p. 316; Coslettk- 
ing. Vol. II, p. 219; Epicasstt, Vol. in, p. 63; Bitu- 
ifASTic Enamel, Vol. I, p. 372; Japanning, Vol. IV, p. 
94; Painting Machine Tools, Vol. IV, p. 521; Lac- 
quer AND Lacquering, Vol. IV, p. 157; Varnish, Vol. 
VI, p. 436; Enameling, Vol. HI, p. 56; Epkalin, Vol. 
n, p. 526; Calorizing, Vol. I, p. 530; and Insttlumi- 
NUM, Vol. IV, p. 68. 
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IblODERN machine tools have been developed to a 
high degree of perfection both as regards rapidity 
of production and accuracy in the finished product. It 
b apparent that this result is due to a careful study of 
all the fundamental points entering into the design, 
such as ample driving power, convenience of control, 
adequate speed and feed-<hanging mechanisms, sub- 
stitution of automatic oi)eration for hand control when- 
ever practicable, and other important features intended 
to increase the mechanical efficiency and the rate of 
production. The machine itself, however, may be 
perfect in design and faultless in construction, but, if 
the auxiliary equipment necessary to adapt it to different 
dasses of work is not planned and built with the same 
care, the good features of the machine may be of little 
practical value. Therefore, well-organized manufac- 
turing plants, especially of the larger concerns, have 
planning and tool designing departments, where men of 
wide experience and ability devote their entire time to 
the design of the tools and auxiliary equipment needed 
for manufacturing operations. Such an oiganization is 
not feasible in many smaller shops or manufacturing 
plants, and frequently the design of such tools must be 
left to a draftsman who does general designing work. 
The course of study outlined in the following paragraphs 
is intended more especially for draftsmen who are not 
tool specialists, as well as for students interested par- 
ticularly in the design of metal-working machines and 
their tool equipment; but the articles referred to will 
doubtless also be appreciated by many who may be 
classified as experts. These articles cover the tools used 
for different metal-cutting operations which are generally 
classified as "small tools," — that is, drills, counter- 
bores, reamers, taps and threading dies, milling cutters, 
hobs, forming tools, and automatic screw machine tools. 
Those not familiar with different types of machine tools 
and general machine shop practice should study the 
course outlined in this Guide under the general headings 
''Machine Tools and Shop Equipment'' and "Machine 
Shop and Toolmaking Practice." 

Drills and Counterbores. — A great deal of the auxil- 
iary tool equipment used on different types of machine 
tools is classified as "standard" or "commercial," 
because the tools are made to certain standard dimen- 
sions and can be piux±ased from manufacturers making 
a specialty of that class of work. Drills, counterbores, 
reamers, taps, etc., are examples of the standard "small 
toob," although frequently such toob are made to 
special forms or sizes in the shops where they are used, 
either because the required size b not obtainable or 
because a standard tool b not considered suitable. 
General information regarding the different kinds of 
drilb in use, the proportions of different sizes, and the 



general methods of manufacturing drilb are subjects 
dealt with in the article on Dbills, Vol. II, p. 465. 
Counterbores, or toob of the class used for pnUrging 
holes to form the seats for the heads of screws, etc., are 
quite frequently made in the shops where they are used. 
(See CouNTEBBORES, Vol. U, p. 223.) 

Reamers and Reamer Holders. — Holes that axe 
produced simply by drilling are not accurate enough for 
many purposes, and reamers are used to secure smooth, 
straight holes of uniform diameter, eq^edally in connec- 
tion with interchangeable manufacture of high-grade 
machinery. When bolts must be accurately fitted in 
their holes, the latter are usually finished by reaming. 
Reamers are also applied in many other ways; some 
t3^pes are intended especially for enlarging drilled or 
cored holes rather than for producing a finbhed hole of 
uniform size. While reamers of various types may be 
obtained from manufacturers of small tools, a great 
many special reamers are made in the shops where they 
are used, because the size or form is odd and b not 
carried in stock by reamer manufactiurers. General 
information on the subject of reamers will be found in 
the article on Reamers, Vol. V, p. 240. Specific infor- 
mation on different types of reamers may also be ob- 
tained from the following articles: Hand Reamers, 
Vol. in, p. 505; Jobbers' Reamers, Vol. IV, p. 143; 
Shell Reamers, Vol. V, p. 362; Bridge Reamers, 
Vol. I, p. 505; Center Reamers, Vol. U, p. 42; Chuck- 
ing Reamers, Vol. II, p. 108; Locomotive Taper 
Reamers, Vol. IV, p. 239; Pipe Reamers, Vol. V, p. 50; 
Taper Pin Reamers, Vol. VI, p. 180; Reamers for 
Taper Soceets, Vol. V, p. 246; in conjunction with 
the subject of reamers, see also Reamer Holders, 
Floating, Vol. V, p. 237. 

Taps and Threading Dies. — Taps are indbpensable 
as a rapid means of cutting threads in holes for receiving 
machine screws, studs, bolts, or other threaded parts, 
and they also make it possible to produce readily threaded 
holes which are duplicates, within practical limits. 
Most of the taps in use are obtained from manufacturers 
of small toob, but special forms are often used, which 
differ from the accepted standard as to diameter and 
pitch of thread. Taps vary in form according to the 
dass of work for which they are intended, some being 
designed for tapping by hand and others for use in a 
drilling machine or special tapping machine. As taps 
are needed on such a variety of work, many of them are 
intended for specific operations, such as tapping nuts, 
pipe fittings, etc. The section on taps. Vol. VI, p. 203, 
b in the natture of a general treatise, and specific infor- 
mation on different types will be found in the following 
separate articles: Acme Thread Taps, Vol. I, p. 24; 
Bn-BRACE Taps, Vol. I, p. 372; Blacksmiths' Taps, 
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Vol. I, p. 372; Boiler Taps, Vol. I, p. 448; Die Taps, 
Vol. n, p. 382; Gas Fdctuse Taps and Dies, Vol. HI, 
p. 307; Hand Taps, Vol. Ill, p. 507; Machine Nut 
Taps, Vol. IV, p. 267; Machine Sckew Taps, Vol. IV, 
p. 269; Pipe Taps, Vol. V, p. 51; Sckew Machine 
Taps, Vol. V, p. 324; Square-threaded Taps, Vol. V, 
p. 522; Staybolt Taps, Vol. V, p. 544; Taps, Adjust- 
able, Vol. VI, p. 219; Tapper Taps, Vol. VI, p. 193. 
These articles contain infonnation of value both to the 
draftsman interested in tap design and the toolmaker 
who may be called upon to make a special tap. Thread- 
ing dies, which are the tools used for cutting external 
threads, are also indispensable in every machine shop. 
Dies, however, are not made in so many different types 
as taps, although they vary considerably in design; 
some are solid, others have inserted chasers or thread- 
cutting blades, and there is also the self-opening type, 
which is quite extensively used on tiuret lathes and 
automatic turning machines. (See Dies, Threading, 
Vol. II, p. 377, and the paragraph on self-opening die- 
heads, Vol. VI, p. 369, in the section on Turret Lathes.) 
In connection with the subject of dies, reference should 
be made to Vol. n, p. 86, in the article on Chasers. 

Milling Cutters and Hobs. — The milling process is 
applied to such an endless range of work that the cutters 
used on milling machines naturally vary greatly in form. 
Some are intended for general milling operations and 
others for one specific line of work. While many milling 
cutters in use are commercial tools, obtained from cutter 
manufacturers, a great many special cutters are made 
in different shops. The section on Milling Cutters, 
Vol. IV, p. 367, contains a great deal of information 
relating to milling cutter design and the methods of 
making cutters, including types of milling cutters, 
methods of milling the teeth in cutters, grinding cutter 
teeth, and the proportions of different types of cutters. 

A great many of the gears used in various kinds of 
machinery are cut by the bobbing process, the principle 
of which is explained in the section on Gear-cutting 
Machines, Vol. in, p. 331. The bobbing operation, 
like most other gear-cutting processes, requires the use 
of a cutting tool that is designed with reference to the 
principles of gearing, and which is very accurately made. 
Owing to the importance of this subject, it has been 
treated at length in the articles on Hobs for Spur and 
Spiral Gears, Vol. IV, p. 13, and also Hobs for Worm 
Gears, Vol. IV, p. 22. (See also Hob& por Ratchets 
AND Splines, Vol. IV, p. 12.) 

Forming Tools. — Forming tools are used ordinarily 
in some class of lathe or turning machine for finishing 
surfaces that are either concave, convex, or irregular in 
shape. The cutting edges of the tool are carefully filed 
or ground to the contour or shape required, so that, with 
a tool of this kind, duplicate parts may be readily 



produced. Form or forming tools are extensively used 
on automatic screw machines in connection with regular 
manufacturing operations, and also in toohnaking for 
turning form milling cutters and for similar operations. 
The article on Forming Tools, Vol. Ill, p. 193, is 
intended especially for those interested in toohnaking 
methods. This article deals with types of forming tools, 
methods of making straight and circular tools, the 
finishing of tools by grinding, and the calculations for 
determining the proper allowance on radial and angular 
measurements. (See also Gear-cutter Forming 
Tools, Vol. HI, p. 319.) 

Special Turning Tools. — The extent to which special 
tools should be used is often a difficult question to decide. 
Special tools are usually expensive to make, but if they 
greatly increase the rate of production, the cost may be 
of little consequence as compared with the reduction in 
manufacturing cost. The relation between the tool 
expense, the saving effected by its use, and the amount 
of work to be done are the important points to consider. 
Many special tools of the class used for turning opera- 
tions on different types of machines are described in the 
section Turning Tools of Special Design, Vol. VI, 
p. 343. A study of these designs will show to what 
classes of work such tools have been applied, and may 
suggest ways of applying the same general principles to 
tool designs for other machining operations. 

Automatic Screw Machine Tools. — There is no type 
of machine tool which requires as many special cutting 
tools as the automatic screw machine. This is due to 
the fact that all movements are mechanically and auto- 
matically controlled, and many tools must be made to 
meet the requirements of each different class of work. 
Tools are needed for turning special shapes and for such 
operations as boring, recessing, threading, and knurling, 
under a great variety of conditions. The section on 
Automatic Screw Machine Tools and Operations, 
Vol. I, p. 150, is intended both for tool designers and for 
the users of screw machines. This section includes 
various classes of cutting-off tools, milling, counterboring 
and reaming tools, box-tools, thread-cutting tools, etc. 
In many cases, the methods of applying these tools are 
illustrated by practical examples. 

Chips from Metal-cutting Tools. — The chips removed 
by different types of metal-cutting tools should be con- 
sidered when desigm'ng a tool, as they often have a 
decided effect on the design. The flutes of a twist drill 
or reamer are necessary in order to provide space for the 
chips, and other cutting tools, as well as work-holding 
fixtiues, are varied more or less in their design either to 
protect bearing surfaces from chips, or to prevent chips 
from interfering with the location of the work. The 
article dealing with this subject. Vol. II, p. 103, is of 
especial importance to the designer of jigs and fixtures. 
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'The purpose of a power plant is to transform the 
energy derived from some natural source into such 
a form that it can be applied to the performance of useful 
work. The windmill, which is driven by the action of 
air currents against inclined blades or sails, and the 
primitive form of water-wheel with paddles, represent 
simple forms of power plants. In each case, the moving 
elements impart rotary motion to a wheel or shaft which 
is capable of revolving against a certain amount of 
resistance and of doing mechanical work. In modem 
power plants, this general principle is adhered to, some 
fluid under pressure and capable of motion being used 
to impart a rotary movement to a mechanical device, 
such as a water turbine, steam engine, steam turbine, 
or gas engine. The water tiurbine is located at some 
point below the level of a body of water, and, when a 
column of water is conveyed to the tiurbine through a 
suitable flume, a pressure is exerted against the turbine 
wheel which causes it to rotate as the water passes 
through it to a lower level. The steam engine or steam 
turbine is driven by the latent heat energy in coal or 
other fuel, which is used to generate steam under pres- 
sure in an enclosed boiler to which the engine or turbine 
is connected. The energy stored in gas, and in gasoline 
or other oil, is used in a very direct way for driving 
internal combustion engines, as the combustion of the 
fuel and the generation of pressure takes place in the 
engine cylinder itself. 

Prime Movers. — All of these mechanical devices for 
transforming the energy derived from any form of fuel, 
or from air or water in motion, into mechanical action 
or work are known as ''prime movers.'' Reciprocating 
steam engines, steam tturbines, gas, gasoline or oil 
engines, and windmills, are all prime movers; but the 
electric motor is not a prime mover, because it merely 
transforms electrical energy into mechanical energy. 
Back of every motor there is the dynamo or generator 
for generating the electric current, which, in turn, is 
driven by a prime mover, such as a steam engine, or a 
steam or water turbine. These elementary points are 
referred to in order to give the student who commences 
the study of power machinery a general idea of the 
relation between different forms of apparatus used in 
power plants. Most power plants, at the present time, 
are equipped with engines or turbines driven by steam, 
although water turbines are common where water power 
is available. In studying the subject of steam power 
plant development, it is apparent from what has pre- 
ceded that there are two broad divisions; one pertains 
to the generation of steam in boilers, and the other to 
the types of prime movers — engines or turbines — in 
which the steam is utilized to perform mechanical work. 
The great problem in boiler design and operation, and 



one which has engaged the attention of mechanical 
engineers since the inception of this method of power 
development, is to i^oduce the greatest amount of steam 
from a given weight of fueL The designer of the engine 
or turbine is concerned, prindpally, with the amount of 
work which the engine is capable of doing with a given 
amoimt of steam. 

Steam Engines of the Reciprocating Type. — The 
steam engine having a reciprocating piston, which 
through a connecting-rod and crank revolves a shaft, 
depends for its operation upon the pressure of steam 
acting against the piston first in one direction and then 
in the other. While the principle of operation is very 
simple, engines of different design vary greatly in regard 
to the mechanical details required to control the ad- 
mission and release of steam to and from the cylinder, 
to regulate the speed, to prevent the leakage of steam 
past the joints of moving parts, to provide for adjust- 
ment of members subject to wear, and to supply the 
lubrication of the bearing surfaces. The general arrange- 
ment and operation of various types of engines are 
described in the section on Steam Engines, Vol. VI, 
p. i; it would be preferable for most students of this 
general subject to read this section as far as the para- 
graph headed Formulas for Steam Engine Design, on p. 
34, as the remaining part deals with steam engine design, 
which will be considered later. 

Steam Turbines. — The steam turbine has replaced 
the reciprocating type of steam engine in many power 
plants, as it is capable of doing a larger amount of work 
for a given consumption of steam when used under 
favorable conditions, requires less space for developing 
an equal amount of power, and operates with much less 
vibration. The operation of the steam turbine depends 
upon the action of steam moving at high velocity and 
striking against blades or vanes so formed and arranged 
that the part to which they are attached will rotate. 
This principle is very old and its successful application 
at the present time in conjimction with the development 
of modem types of steam turbines is an interesting study. 
The principal types of turbines and their characteristics 
are dealt with in the section on Steam Tuiubines, Vol. 

VI, p. 36. 

Boilers for Power Plants. — The generation of steam 
for use in power plants requires boilers capable of with- 
standing the steam pressures that are to be developed; 
means of supplying the boilers with water, and of heating 
the water by the combustion of coal or other fuel; 
apparatus to prevent an excessive accumulation of 
pressure in the boiler; a method of regulating the draft 
and, consequently, the rate at which steam is produced; 
together with auxiliary apparatus designed to economize 
in the use of fuel by eliminating imnecessary waste. 
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For descriptions of different types of boilers, see Boilers, 
Vol. I, p. 414, and Boiler Furnaces, Vol. I, p. 408. 
The coal for coal-fired boilers is usually supplied by hand 
shoveling, but mechanical stokers are used in many of the 
larger power plants; typical designs are described in 
Vol. VI, p. 77. Methods of feeding oil fuels are referred 
to in the article Oil Burners for Boilers, Vol. IV, p. 
503. Methods of feeding water to boilers and regulating 
the supply are dealt with in Vol. I, p. 395. (See also 
Injector, Vol. IV, p. 59, and Boiler Feed-water 
Heaters, Vol. I, p. 407.) The deix)sits left in boilers 
from feed water and their corrosive action are often the 
cause of much trouble, and the composition and purifi- 
cation of feed water is, therefore, covered in Vol. I, p. 
396. Since the generation of steam depends upon the 
combustion of some fuel, the properties and \ises of 
different fuels, as well as the principle of combustion, 
should be understood. (See Fuels, Vol. Ill, p. 218; 
Coal, Vol. II, p. 145; and Combustion, Vol. n, p. 169.) 

Improving Efficiency of Power Plants. — The steam 
power plant, at its best, is very inefficient, although great 
improvements have been made in the development of 
different forms of apparatus for increasing the efficiency 
of engines and boilers. The object of this auxiliary 
apparatus may be either to increase the work obtained 
from the engine for a given steam consumption, or to 
increase the amount of steam generated for a given 
amount of coal or other fuel. In order to obtain all the 
work from steam that it is capable of doing, it should be 
allowed to expand as much as possible. This point may 
be illustrated by comparing steam under pressure with 
a compressed spring, which, to perform all the work that 
it is capable of, must expand to its full length. It is not 
practicable to obtain complete steam expansion in a 
single cylinder, but by allowing the steam to pass through 
two or more cylinders, as in multiple-expansion engines, 
a much better rate of expansion may be obtained; still 
better results are possible with modem steam turbines; 
furthermore, by connecting the exhaust pipe of the 
engine or turbine with an enclosed chamber in which the 
steam is condensed, and from which practically all air 
has been exhausted, the expansion may continue until 
the steam pressure falls far below the atmospheric 
pressure. The different forms of condensing apparatus 
for condensing exhaust steam and reducing the pressure 
on the exhaust side of engines are described in the article 
on Condensers, Vol. II, p. 175. For descriptions of 
different types of pimips used in conjimction with these 
condensers, see Air Pumps, Vol. I, p. 52. Among the 
different forms of apparatus used in connection with the 
generation of steam, for reducing direct heat losses, may 
be mentioned Economizers, Vol. n, p. 525, and Boiler 
Feed-water Heaters, Vol. I, p. 407. The use of 
Superheaters, Vol. VI, p. 122, to heat steam to a higher 
temperature to reduce the losses from cylinder conden- 
sation is another important development. 

Steam Engine Design. — The design of a steam engine 
involves proportioning the cylinder with reference to the 
amount of power to be developed, providing suitable 



means for controlling the steam supply and speed, 
arrangement of the wearing parts so that lost motion 
resulting from wear can be eliminated, and the making 
of all parts of such form and size that they wiU safely 
withstand any stresses due to ordinary usage. The 
designer has a certain amount of preliminary data as 
a basis to work from, and from this data evolves the 
design by following the fundamental principles govern- 
ing the operation of prime movers of this class. The 
general method of procedure is explained in the section 
on Steam Engines, Vol. VI, p. i. The following 
articles should also be referred to: Valve Diagrams, 
Vol. VI, p. 378; and Piston Packing Rings, Vol. V, 
p. 79. 

Valve Setting. — A steam engine of the reciprocating 
t3rpe cannot operate properly unless the valve (or valves) 
controlling the admission of steam to the cylinders — 
the point at which steam is cut off and used expansively, 
and the point of release or exhaust — is adjusted to act 
at the right time relative to the movements of the piston. 
Valve setting is regarded as difficult by many machim'sts 
in engine-building and railway shops, but it is really 
qiute simple, if the imderlying principle and the reasons 
for different adjustments are understood. The section 
on Valve Setting, Vol. VI, p. 387, begins with the 
simplest problems in valve adjustment, and then deals 
with the variations in procedure for different types of 
engine valve-gears. 

Gas and Oil Engines* — The steam system of power 
generation is very indirect, as the heat from the fuel is 
first transmitted to water which, after being converted 
into steam, either exerts pressure upon a piston, or, after 
attaining high velocity, impinges upon the blades of a 
turbine rotor. With this system, even with the most 
highly developed types of apparatus, only about 15 per 
cent of the heat in the coal is converted into iiseful work. 
With gas or oil engines, a much higher efficiency is 
possible, as an explosive mixture of air and gaseous fuel 
or oil spray is ignited directly in the cylinder, where the 
pressure resulting from the combiistion and the rise of 
temperature is utilized immediately to propel the engine 
piston. With well-designed internal combustion en- 
gines 25 or 30 per cent of the heat of the fuel (in the 
gaseous form) may be transformed into mechanical 
energy or useful work, and even higher efficiencies have 
been obtained occasionally. Owing to the industrial 
importance of engines of this dass for driving auto- 
mobiles, motor boats, and as prime movers in power 
plants, a knowledge of the general principles governing 
their operation and design is essential to the mechanical 
engineer and many other men engaged in different lines 
of mechanical work. The section on Gas and Oil 
Engines, Vol. m, p. 282, describes the principal types, 
the means of obtaining explosive mixtures of air and gas 
or oil spray, and includes information on the liquid fuels 
used in internal combustion engines, methods of cooling 
cylinders, and troubles commonly encotmtered and their 
causes. The article on Diesel Engines, Vol. II, p. 370, 
should also be studied in this connection. In addition, 
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Gas Turbines, Vol. HE, p. 317, and Gas Pjloduceks, 
Vol. ni, p. 309, are subjects to be included in this course. 

Lubricating Oils. — Friction between the moving 
parts of engines not only increases their resistance to 
motion and, thereby, wastes energy by reducing the 
amount that is left for the performance of useful'work, 
but friction also often causes bearing surfaces to be 
seriously injured. Without some form of lubricating 
oil, practically all machinery, as it is now constructed, 
would be useless. Lubricants, however, like the ma- 
chines and mechanisms to which they are applied, vary 
greatly in quality and effectiveness. Many lubricants 
contain injurious adulterants to make them cheap, and 
what would be a good lubricant for one class of mecha- 
nism would be poor for another dass. A lubricant must 
have enough body, or consistency, to withstand the 
bearing pressure, and a lubricant which woidd be suitable 
in an ordinary bearing might be useless in an engine 
cylinder, owing to the effects of the higher temperatures. 
The section on Lubricants, Vol. IV, p. 244, covers 
different classes of oils, their properties, objectionable 
impurities, methods of testing, and kinds of lubricants 
for engine cylinders and different classes of machinery. 
(See also GsAFHirE, Vol. lU, p. 428.) 

Arrangement of Power Plants. — Modem power 
plants, especially of the large sizes for generating electrical 
power, contain such a mass of equipment used directly or 
indirectly either in the generation of steam or in utilizing 
the energy developed, that the application of these various 
forms of apparatus and their arrangement should be 
carefully considered in laying out a new power plant. 
The section on Power Plants, Vol. V, p. 129, covers 
steam power plants, steam-electric and hydroelectric 
plants, and deals with their location, constructional 
features, coal-handling equipment, and the general 
application and adaptability of apparatus common to 
power plants. (See also Chdineys, Vol. II, p. loi.) 

Water-wheels and Turbines. — One of the earliest 
forms of power machinery was the water-wheel of the 
form equipped with paddles which on one side of the wheel 
engaged a moving stream of water and thus received a 
rotary motion. While this principle of utilizing the 
energy of a moving colimm of water to develop mechani- 



cal power is employed in some of the largest and most 
modem power plants of the present day, the apparatus 
used has changed considerably in the process of evolu- 
tion both in appearance and effectiveness. The moving 
stream, when used in the direct way described, is not 
capable of developing very great power, and engineers 
finally realized that it was necessary to concentrate the 
energy by allowing the water under pressure to escape 
at a relatively high velocity and pass the blades or vanes 
of a wheel so formed that the downward flow of water 
caused the wheel to revolve. A great deal of study and 
experimenting was necessary to determine what form of 
blade would give the highest degree of efficiency. As a 
result of this work, in conjunction with present-day 
possibilities of manufacturing almost any form of ma- 
chine that can be designed on paper, the primitive 
paddle wheels driven by a moving stream have been 
replaced by turbine wheels capable of developing thous- 
ands of horsepower. Various forms of wheels driven 
by water power are described in the article on Water- 
wheels and Turbines, Vol. VI, p. 444. This article also 
gives the elements of the theory of hydraulic power. 

Pipes and Tubes. — Pipes and tubes are usually made 
of wrought iron, steel, cast iron, brass, or copper. Al- 
though pipes are used imiversally and in innumerable 
ways, the mechanical engineer generally considers 
piping as applied either directly to the power plant or in 
conjunction with pumps or other mechanical apparatus, 
as a means of conve3dng some fluid under pressure, such 
as water, steam, or compressed air. The general subject 
of piping includes the standard dimensions that have 
been adopted, the fittings and means of joining pipe 
sections together, the bending of pipes to different 
shapes, and the methods of manufacture. The follow- 
ing articles form a complete treatise on this subject: 
Pipe, Vol. V, p. 22; Pipe Fittings, Vol. V, p. 37; Pipe 
Joints, Vol. V, p. 46; Gaskets and Gasket Retainers, 
Vol. m, p. 308; Valves, Vol. VI, p. 383; Pipe Sup- 
ports, Vol. V, p. 50; Pipe Bending, Vol. V, p. 28; 
Pipe Expansion Bends, Vol. V, p. 36. Piping for 
Power Plants, Vol. V, p. 56; Tube Expanding, Vol. 
VI, p. 340; PdpeColors, Vol. V, p. 35: Tube and Pipe 
Manufacture, Vol. VI, p. 331. 
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\]L7HIL£ many of the machines used in the indus- 
tries either for producing power or for operations 
on materials of different kinds have been gradually 
developed during a long period covering a century or 
more, electrical machinery and devices have been 
developed practically within the comparajtivdy short 
space of thirty odd years. In no field of industrial 
progress has the development been so rapid. The 
fundamental laws relating to the electric current have 
been known for a hundred years or more, but it was not 
until in the eighties that electricity was applied for 
practical purposes to an extent that made it an important 
factor in industrial development. The first electrical 
generators and motors were not very reliable, and break- 
downs with consequent interruptions in the service were 
common. In the short space of a qiiarter of a century, 
however, these machines have been brought to a per- 
fection where they may be considered at least as reliable 
as other forms of power-plant machineiy, and, in addi- 
tion, require comparatively Kttle attention. 

The Encyclopedia deab very completely with elec- 
trical machines and devices, and, in addition, contains a 
comprehensive review of the subject of electricity and 
magnetism, dealing with the fundamental laws of the 
electric current and its properties. The electrician or 
electrical engineer will find the Encyclopedia useful for 
rapid reference upon subjects relating to the use and 
application of electrical machines and devices, and the 
student may also use the articles contained in this work 
for a course of reading which will give him a general 
knowledge of the subject of electricity, electrical ma- 
chinery, accessories and appliances. It should be under- 
stood at the outset, however, that the study of electricity 
may be found somewhat more difficult than the study of 
the ordinary mechanical subjects. When dealing with 
a steam engine, for example, we can see and comprehend 
the mediums through which the forces at work act. The 
electric current, however, is not visible, and the imagina- 
tion must be drawn upon to aid the student in his work. 

Terms used in Electrical Bngineefing. — In studying 
such a subject as electricity, where a great many terms 
are used that are not commonly employed in dealing with 
mechanical subjects, the student will often find many 
expressions the meaning of which he does not under- 
stand. In that case, he is referred to the index of the 
Encyclopedia, which will generally direct him to a 
definition of the particular term or expression in question, 
but it would also prove helpful to the student of elec- 
tricity and to the reader who expects to make consider- 
able use of the electrical sections of this work for refer- 
ence purposes, to carefully study those sections of the 
article on Standardization Rules, Vol. V, p. 528, 
which give definitions of dectrical machinery and 



expressions used in electrical engineering. Often, when 
reading an article, the whole meaning may be obscured 
if a single word is not properly understood. To under- 
stand the terms used in engineering in general, and in 
electrical engineering especially, is, therefore, highly 
important, in order to be able to make the best use of 
the Encyclopedia. While the Encyclopedia is not 
intended to be a dictionary defining terms or words of all 
kinds that may be used in engineering, it will, neverthe- 
less, be found that most of the expressions and words 
used in electrical engineering have been properly defined, 
either in the section on standardization rules already 
referred to, or in some treatise on electricity or electrical 
machinery in the Encyclopedia, to which the index will 
refer the reader. 

Main Classes of Blectrical Apparatus. — There are 
two electrical machines that may be considered basic; 
these are the generator which produces the electric 
current so that electric energy may be sent through a 
wire or conductor to a point at a distance, and the motor 
which at this point changes the electrical energy to 
mechanical energy for driving machinery of different 
kinds. All other electrical machines may be considered 
as accessories or auxiliaries to these two basic machines. 
Converters and transformers are used for changing 
current of one kind into current of another kind. Con- 
trollers and switches are used in the operation of motors 
and generators in order to control or cut off current as 
required. Storage batteries are used for the storing of 
electrical energy, as produced by a generator, until such 
time as it is required for use. In addition to the use of 
electric current for power purx)Oses in motors, there is 
also the great field of electric lighting, where the electric 
current is used in various ways for producing illumina- 
tion. It is also used, in the industries, for the heating 
of furnaces; for electroplating; and, in metallurgy, for 
the refining of metals. In fact, electricity, compara- 
tively unknown thirty years ago, has come to be one of 
the great necessities of modem life, playing an important 
part in all industrial plants, railway operation, lighting, 
telegraphy, telephony, etc. 

Electricity and Magnetism. — In studying the subject 
in a systematic manner, the student would begin with 
the section on Electricity and Magnetism, Vol. n, 
p. 527, reading first the general introduction to the sub- 
ject there given, dealing with the electric current, mag- 
nets, and magnetism, omitting, perhaps, at first such 
parts of the treatise as contain formulas giving the 
relation between different electric and electromagnetic 
quantities. To these formulas he may return later when 
he has attained a fair general understanding of the subject 
as a whole. This reading should be continued up to and 
including the paragraph on Static Phenomena, Vol. n, 
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p. 535. The foiindation has now been laid for further 
study of the subject. 

Many of the principles of electricity are also dealt with 
in brief separate articles in their alphabetical order in 
the Encyclopedia, often somewhat more completely 
than in the general article on electricity and magnetism, 
and the student might sometimes find it helpful to refer 
to these separate references. For example, Ohm's Law, 
Vol. IV, p. 501, gives the formulas and expresses the 
relation between current, electromotive force, and resist- 
ance in a somewhat more popular form than is done 
where the same subject is referred to in Vol. II, p. 532. 
The student, however, must make himself familiar with 
the use of formulas before taking up a thorough study of 
the subject of electricity, because, in a number of in- 
stances, he will find it necessary to be able to properly 
interpret the use of signs and S3rmbols in formulas and 
equations. (See Formulas, Vol. Ill, p. 201.) 

Principal Applications of Magnetism. — The general 
treatise on electricity and magnetism referred to in the 
preceding paragraph gives but a brief review of the 
elementary principles of magnetism. The practical 
applications of magnetism in industrial work, however, 
are manifold. In machine shop practice, magnetic 
chucks are used to an ever increasing extent, and a very 
complete treatise on this subject will be found in Vol. IV, 
p. 290. This treatise deals with various practical 
designs of magnetic chucks and gives directions for the 
design and construction of these devices. The making 
of permanent magnets is dealt with in Vol. IV, p. 303, 
and the application of electromagnets to the handling of 
iron and steel ingots and plates, in the article on Lxfting 
Magnets, Vol. IV, p. 203. 

Direct-current Generators and Motors. — The ele- 
mentary principles of the electric generator and motor 
are explained in Vol. 11, pp. 531 and 532, from which it is 
understood that there are two kinds of generators and 
motors, direct-current and alternating-current. In study- 
ing the subject further, the student should turn to 
Motors, Direct-current, Vol. IV, p. 474, and pro- 
ceeding from the beginning of the article he should 
continue to study as far as p. 481, to the paragraph 
Winding an Armaiure of the Series Type, The para- 
graphs following, relating to the winding of a motor, 
would be studied only in case the student were actually 
engaged in the design or construction of direct-current 
motors. Generators, Direct-current, Vol. in, p. 
398, should now be studied, the motors being studied 
before the generators, because the explanations of the 
elementary action of the motor would be helpful in 
understanding the action of the generators. 

Alternating-current Generators and Motors. — The 
subject of alternating currents is not an easy one, and 
requires considerable application on the part of the 
student. The general principles are first studied, 
beginning with the paragraph on Alternating Currents, 
Vol. II, p. 536, continuing to the end of the article. A 
good knowledge of the principles of algebra and trigo- 
nometry is required in order to grasp the theory of alter- 



nating currents. - Alternating-current or synchronous 
generators are dealt with in Vol. Ill, p. sSS, and alter- 
nating-ciurent motors, in Vol. IV, p. 462. It will be 
foimd that both in the case of the generators and motors 
the theoretical considerations are more prominent than 
in the case of direct-current generators and motors, 
because of the fact that the problems involved in alter- 
nating-current machinery are not so simple as those in 
direct-current machines. Students who are interested 
in the application of electrical machines, rather than in 
the principles upon which they work, could pass by the 
more difficult sections of alternating currents and 
proceed with other subjects outlined in this course, 
which do not require an understanding of the theory of 
alternating currents. 

In addition to the direct- and alternating-current 
generators dealt with, there are some si>ecial classes of 
generators described in separate sections: The Magneto 
(Vol. IV, p. 301), which is simply a small electric current 
generator; Generators, Induction, Vol. in, p. 405, 
which are essentially induction motors driven above 
their synchronous speed; and Generators, Inductor, 
Vol. m, p. 405, which are synchronous generators in 
which both the field and armatiure winding are stationary 
and only the pole pieces revolve. All alternating- 
current generators are dependent upon an external 
source of direct current for magnetizing their fields, the 
current being furnished by auxiliary devices or machines 
known as Exciters, Vol. Ill, p. 72. 

The imit of power for all electrical work is the Kilo- 
watt, Vol. IV, p. 154, but, in the case of alternating- 
current machines, the term Kilovolt-amfere (Vol. IV, 
p. 154) is used to express the apparent power. It is 
important that these two units be correctly understood. 

Machines for Transforming Electric Current — Due 
to the fact that electric current may sometimes be 
generated and transmitted more easily in one form and 
at a certain voltage, and more suitably used in another 
form and at another voltage, different machines and 
devices have been designed for changing or transforming 
one kind of current into another and also for transform- 
ing the voltage from one value to another. One of the 
transforming devices used for this purpose is known as a 
Motor-generator Set, Vol. IV, p. 457. By means of 
motor-generator sets, direct current of a given voltage 
may be transformed into direct current of a different 
voltage; alternating current may be changed into direct 
current; and alternating current of one frequency may 
be changed into alternating current of another frequency. 
The machines used for changing direct Current of one 
voltage into direct current of another voltage are known 
either as Boosters, Vol. IV, p. 457; Balancers, Vol. IV, 
p. 458; or Dynatnotors, Vol. IV, p. 460, the dynamotor 
being used for transforming high-voltage direct current 
into one of lower value. Motor-generator sets for 
transforming alternating current to direct current. Vol. 
IV, p. 460, are used extensively on lighting, power, and 
railway systems, and frequency changers. Vol. IV, p. 
461, are used for converting an alternating current of one 
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frequency to another, without a change in the number 
of phases or in the voltage. 

Another kind of electrical machine used for converting 
alternating current into direct current is known as a 
synchronous converter. A similar type of machine used 
for converting direct ciurent into alternating ciurent is 
known as an inverted synchronous converter. Both 
types are frequently referred to as rotary converters. 
These machines are dealt with in the section Con- 
VEBTEss, Synchronous, Vol. n, p. 191. 

A transformer is a stationary apparatus used for 
changing or transforming alternating current of one 
voltage to alternating current of a higher or lower 
voltage. When a low voltage is changed to a higher 
voltage, the apparatus is known as a step-up transformer, 
and when a high voltage is changed to a lower voltage, 
as a step-down transformer. These devices are treated 
in the section on Transformers, Vol. VI, p. 305. 
Alternating current may also be changed into direct 
current by means of mercury arc rectifiers. These are 
generally used in connection with transformers which 
step down the voltage of the current, which is then 
changed into direct current by means of the rectifier. 
(See Rectifiers, Mercury Arc, Vol. V, p. 248.) 

Phase-converter, Vol. V, p. 11, and Phase-ad- 
vancers, Vol. V, p. 10, are used in connection with 
alternating-current machines. The function of the 
phase-advancer is to convert a single-phase load into 
a poly -phase load, and to counteract the difficulties 
due to taking single-phase loads from poly-phase 
systems. Phase-advancers, also known as "phase- 
multipliers" are used for improving the power factor of 
induction motors. Synchronous Condensers, Vol. II, 
p. 181, are used for power factor correction and for 
maintaining a constant voltage by power factor control. 
All these devices may be considered as auxiliary appara- 
tus used in connection with alternating-current machines 
to improve and increase their range of operation. 

Electric Machinery Operation. — Many students who 
would use the Encyclopedia as a condensed text-book 
on electrical machinery, and who might not desire to go 
into a detailed study of the various auxiliary machines 
referred to in the preceding paragraphs, could proceed 
directly from the study of generators and motors to that 
of electric machinery operation as dealt with in a com- 
prehensive manner in the section begimiing on page i 
of Vol. III. This section is divided into four distinct 
parts, the first dealing with direct-ciurent generators and 
motors, p. i; the second, with alternating-current 
generators and motors, p. 4; the third, with trans- 
formers, p. 9; and the fourth, with synchronous con- 
verters, p. II. This section of the Encyclopedia deals 
especially with the troubles and difficulties that are likely 
to be encountered in the operation of electrical ma- 
chinery, and is espedaUy intended for operators of 
electrical apparatus. It is thoroughly practical in its 
nature, requiring no preliminary theoretical knowledge 
except an elementary understanding of the electric 
current and of the construction of the electrical machines 



dealt with, as explained in the articles devoted to these 
machines. The theoretical principles of electricity and 
magnetism, or of motors and generators, would not be 
required in order to make use of this section. 

Electric Measuring Instruments. — While in this 
Guide the electric measuring instruments are mentioned 
at this point, it would be quite satisfactory to study the 
methods of measuring electric currents, voltages, resist- 
ances, etc., at an earlier stage. In fact, the study of 
electric measuring instruments might be carried on 
simultaneously with the study of electrical machines, it 
being only necessary to properly imderstand the subject 
of the principles of electricity and magnetism as out- 
lined in the article on that subject. Vol. n, p. 527. The 
different electrical measiuing instruments are all dealt 
with in one section. Vol. Ill, p. 13. This treatise in- 
cludes specifically current-measuring instruments or 
ammeters, p. 15; voltage-measuring instruments or 
voltmeters, p. 19; and power-measuring instruments, 
or wattmeters, p. 21; power factor meters, p. 22; fre- 
quency meters, p. 22; ampere-hour meters, p. 23; watt- 
hour meters, p. 24; and resistance measiuing instruments 
or ohmmeters, p. 25. In addition to these main t3rpes 
of instruments, many miscellaneous electrical measuring 
instruments are briefly referred to in this section. Elec- 
tric pyrometers for measiuing temperatures by means of 
thermo-electric effects are dealt with in the article on 
Pyroiceters, Vol. V, p. 217. 

Electric Controlling Devices. — Broadly defined, elec- 
trical machines and devices might be divided into four 
general groups : Those used for generating electric energy ; 
those used for transmitting it from the generating source 
to the point where it will be used; those employed for 
changing it again into mechanical or other energy; and, 
finally, those employed for controlling the current at the 
various stages. In the broad sense, therefore, electric 
controlling devices include circuit-breakers, switches, 
relays, reactances, lightnuig arresters, fuses, etc.; in 
a more limited sense, they include only such apparatus 
as starting rheostats; speed regulating or controlling 
rheostats, generally referred to as speed regulators and 
controllers; and such devices as compensators and auto- 
transformers. It is in this latter sense that the expres- 
sion "controlling devices" is used in the section de- 
voted to it in Vol. n, p. 185. In this article, a review 
of the development of controllers and motor starters is 
given, and the different types of hand-operated, power- 
operated, and automatic controllers are described. 

Circuit-breakers — devices used for automatically 
opem'ng an electric circuit when an abnormal condition 
exists in the circuit — are dealt with in the article on 
Circuit-breakers, Vol. II, p. 115, which covers the 
different types of circuit-breakers and their oonstruction, 
the means used for tripping drcuit-breakers, and the 
calibration and connections of these devices. Fuses 
serve a purpose similar to that of drcuit-breakers, except 
that they act in a different manner. A circuit-breaker 
mechanically opens the drcuit under abnormal condi- 
tions, while a fuse is made of a material that will melt at 
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a predetermined current value and thus opens the circuit 
and protects it against abnormal current conditions. 
(See Fuses, Vol. in, p. 265.) Switches are used for 
closing or connecting electric circuits either by hand or 
automatically, according to the conditions. There are a 
very great number of electrical switches which can be 
grouped into two main groups: Switches, Air-brake, 
Vol. VI, p. 155, and Switches, Oil, Vol. VI, p. 166. 
Relays, Vol. V, p. 249, are used in connection with the 
automatic tripping of circuit-breakers or oil switches on 
the occurrence of abnormal conditions in the circuit. 
The relay disconnects that part of an electric system in 
which a fault has occurred from the rest of the system 
with the least practicable delay. Relays are also used 
for many other purposes. 

Current-limiting reactances or reactance coils are used 
for reducing the flow of current in an alternating-current 
circuit, and, hence, come under the head of current con- 
trolling devices. This class of apparatus is dealt with 
in the article on Reactance, Current-limiting, Vol. 
V, p. 235. Lightning arresters, which are used to protect 
an electric circuit against the high voltages caused by 
abnormal atmospheric conditions, are of several di£ferent 
designs, which are briefly described in the section on 
Lightning Arresters, Vol. IV, p. 208. Electrical 
measuring instruments, switches, etc., are generally 
arranged for the convenience of the operator on what is 
known as a "switchboard." The general construction 
of switchboards and the arrangement of the apparatus 
that is placed on them is comprehensively dealt with in 
the article on Switchboards, Vol. VI, p. 139. 

Primary and Storage Batteries. — Instead of produc- 
ing electric current by means of a generator, small 
amounts of current may be produced by batteries or cells 
generally known as primary batteries, or primary cells^ 
in order to distinguish them from storage or secondary 
batteries, which are used for storing up electric energy 
for future use. Primary batteries were among the early 
means of producing an electric current. Many text- 
books on electricity begin with the theory of primary 
cells, and quite logically so, because of the importance 
of this means of producing an electric ciuTent in the early 
investigations into the characteristics of electricity. 
Today, however, electric current produced by batteries 
is of comparatively small importance, when considered 
in connection with the ciurent produced by generators. 
Batteries are used only for producing current when the 
amount needed is so small that the cost of materials 



consumed in the batteries may be disregarded on account 
of the small attention required and the constancy of the 
source of the supply of current; hence, batteries are used 
extensively for operating bells, and also for telegraph 
and telephone service. 

Secondary or Storage Batteries, Vol. I, p. 253, are 
used for storing energy in the form of chemical energy 
and transfonning it, when required, into electrical 
energy for use in motors or for other purposes. Storage 
batteries may be either lead batteries. Vol. I, p. 254, or 
alkaline batteries. Vol. I, p. 260. The subject of bat- 
teries, both primary and storage, can be profitably 
studied without reference to the other articles on electri- 
cal machineiy contained in the Encyclopedia. 

Power Stations and Transmission lanes. — Power 
stations for producing electrical energy may be of two 
kinds: Steam-electric power plants, and hydroelectric 
power plants. In a few instances, electric generators 
are also driven by gas engines. The general arrange- 
ment of both steam engines and hydroelectric power 
plants is dealt with in the section on Power Plants, 
Vol. V, p. 129, the steam-electric power plant being 
specifically referred to on page 130 and following pages, 
and the hydroelectric plants on page 143 and following 
pages. This section deals with the general arrangement 
of the machinery and auxiliaries in the plant, giving 
infonnation about the building, illumination, coal- 
handling equipment, boilers and accessories, steam tur- 
bines, piping, and electrical apparatus. The section 
dealing with hydroelectric power stations gives similar 
detailed information relating to the best arrangement 
for this dass of power plants. Electrical substations 
are dealt with in the same general section (Vol. V, p. 
147), small outdoor industrial substations being dealt 
with in greater detail in the article Substations, Indus- 
trial, Vol. VI, p. 119. From the power station, trans- 
mission lines convey the electrical energy to the point 
where it is to be used. The construction of trans- 
mission lines is highly important, as the losses due to 
improper construction are very serious and constitute 
one of the greatest losses in the use of electrical power. 
The article on Transmission Lines, Vol. VI, p. 310, 
deals comprehensively with this subject. In this con- 
nection, the article on Insxtlation, Eubctrical, Vol. IV, 
p. 59, may also be studied. It deals, however, not only 
with the insulation used directly or indirectly in con- 
nection with transmission lines, but also with insulation 
used in connection with electrical machines of all types. 
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HTHE applications of electrical energy with which 
the Encyclopedia deals are: i. The uses of elec- 
tric current for power, that is, for .motorKlriven ma- 
chinery of various kinds — primarily, machine tools and 
hoisting apparatus. 2. Electric lighting — an applica- 
tion familiar in a general way to everybody. 3. The 
application in metallurgy for the refining of metals. 4. 
For electroplating. Under the head of electrometal- 
lurgy would be included the use of the electric current in 
electric furnaces, which application is becoming of great 
importance. It is feasible to study the applications of 
the electric current without making a detailed study of 
electricity and electrical machines. A brief review, 
however, of the subject of electricity, covering that part 
of the article on EiECTRicrry and Magnetism whidi is 
found in Vol. 11, pp. 527-535, inclusive, will prove useful, 
as weD as of Moroits, Direct-cuilrent, Vol. IV, p. 474, 
and the sections on Moross, ALTERNATiNG-cuKBENTy 
Vol. rV, p. 462, which do not deal with the theory or the 
design of motors of this kind. 

Motor Drive for Machine Tools. — The application 
of electric motors to machine tools is a subject which is 
most closely allied to the field which the Encyclopedia 
covers. This subject, therefore, has been given a prom- 
inent part in the work, and would naturally be studied 
first by those who are engaged in the machine-building 
field and need a knowledge of the use of motor drives in 
machine shops. The information on this subject is 
covered in the article Motor Drive for Machine 
Tools, Vol. IV, p. 441, which deals first with the two 
different types of motor ^drive: (i) Individual — when 
an electric motor is used for each sq>arate machine — 
and (2) group drive — when a niunber of machines are 
grouped together and driven by a short lineshaft which 
receives its motion from an electric motor driving the 
whole group. The article also covers the three kinds 
of direct-current motors, the series-wound, shunt-wound, 
and compound-wotmd, which are used for driving 
machine tools. Each of these three types has charac- 
teristics which make it suitable for certain classes of 
machines. Motors for machine tool drives may also be 
divided into two classes — constant-speed and variable- 
speed; each type is suited for certain machines and 
conditions. After having reviewed these general re- 
quirements of motors, the student wiU proceed with the 
treatise on the direct application of motors to machine 
tools, on page 445. The requirements for different 
classes of machines are given in the section Motors Jor 
DifferefU Kinds of Machine Toois, on page 449. Here 
the reqidrements for lathes, screw machines, drilling 
machines, boring machines, grinding machines, planers, 
shapers, slotting machines, milling machines, punches, 
bending rolls, shears, and woodworking machines are 



briefly described. For ready reference, tables of the 
horsepower required for machine tools and forging 
machinery are included (Vol. IV, p. 451). 

The man interested in the application of different 
types of motors to machine tools would not need to 
proceed any further with this article, as the general 
requirements of the types of motors used and their 
application have now been covered. The designer, 
however, who has to apply motors to existing machine 
tools, and who has to provide supports for the motors, 
will find the paragraphs relating to electric motor sup- 
ports (Vol. IV, pp. 453-457) of considerable assbtance, 
as here are given not only the formulas by means of 
which the strength of these supports may be calculated, 
but also illustrations and designs of a number of different 
kinds of supports suitable to be attached either directly 
to machine frames or to the shop structure itself — walls, 
posts, or beams. 

Motor Drive for Woodworking Machines. — Electric 
motors present the same advantages for the driving of 
woodworking machinery as in the driving of metal- 
working machine tools. A great advantage in both 
cases is that additions can be made to the original shop, 
and rearrangements of the machinery are possible with- 
out interfering with the machines already installed. 
In the pattern shop, particularly, where the machines 
are generally operated intermittently and run at high 
speed, the individual motor drive is economical. The 
application of motors to woodworking machines and the 
horsepower required for different sizes of band saws, 
resawing machines, circular saws, swing saws, jointers 
or hand planers, surfacers, wood-turning lathes, mortising 
machines, wood shapers, tenoning machines, and sanding 
machines are given in the paragraphs on Electric Drive 
for Woodworking Machinery f Vol. IV, p. 439. 

Wiring for Motor-driven Machinery. — Frequently, 
a man who is not an electrician will be required to make 
the connections for a motor that is installed for driving 
machine tools. This work is comparatively simple, and 
with proper directions any mechanic should be able to 
do this work, although, when possible, it is advisable to 
employ an electrician. Many electricians, however, 
used to house-wiring and lighting work, may not know 
how to properly arrange the wiring for motor-driven 
machine tools, and directions for doing this work will 
prove of value to them also. The section Wiring for 
Motor-driven Machinery, Vol. VI, p. 532, gives 
explicit directions for this kind of work, and also com- 
plete details as to the accessories and materials required 
in doing the work. 

Motor Applications for General Purposes. — Electric 
motors are applied, at the present time, for supplying 
power to practically all classes of machinery. The 
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rapidity with which electric motor drive has been adopted 
in all the branches of industry is due to the convenience 
of the motor drive. The electric motor, as designed 
today, requires little attention, and electric energy can 
be conveniently transmitted to it, no matter where it is 
located. Hence the motor can be placed at the very 
point where the power is required, long transmissions by 
means of shafts, belting, chain or rope drives being 
omitted. The Encyclopedia deals with the applica- 
tions of motors to the more important machines and 
appliances used in the industries. The driving of ma- 
chine tools has already been referred to. Motor appli- 
cations for a nimiber of other purposes are dealt with in 
the section on Motor Applications, Vol. IV, p. 433. 
The application to air compressors is treated on page 
434; crane motors, specifying the power required and 
the types of motors suitable for the work, on pages 434- 
436, inclusive; and the use of electric motors for mine 
hoists, which is one of the important applications of 
motors in the mining industry, on page 436. The con- 
ditions under which a mine-hoist motor works make it 
necessary to have an absolutely reliable source of power 
and one that will work with the least amount of atten- 
tion, and which, if possible, can be supplied with energy 
from a central power generating station. The electric 
motor fills all these requirements. Electric motors are 
also applied to mine locomotives used in the mines for 
hauling coal or ore (Vol. IV, p. 438). Other applica- 
tions in the mining industry are for rock drills, 
electric coal cutters, and electric shovels (Vol. IV, 

p. 439). 
An important application of motor drive, which has 

only been recently developed to its full extent, is that 
for rolling mills. In rolling mill drives, alternating- 
current motors are generally required. At the present 
time, motors are used both for main roll drive in steel 
mills and for the drive of auxiliaries. The main roll 
drive has been developed at a more recent date, while 
the drive for auxiliaries, cranes, charging machines, 
screw-downs, etc., has been used for the last twenty-five 
years. These auxiliaries require frequent starting, stop- 
ping, and reversing, and the service is of a particularly 
severe nature; hence, a motor has been developed for 
this particular service, known as the mill-type motor. 
The applications of electric motors both to main roll 
drive and auxiliaries are dealt with in the article Roll- 
ing Mills, Electric Dsive, Vol. V, p. 284. 

Application of Motors to Fans and Blowers. — A very 
general application of electric motors is met with in the 
operation of fans and blowers. Motors have been 
developed for this service from the extremely small type 
used for the ordinary desk fan to the large motors 
required for the blowers employed in foimdries and 
metallurgical work. Fan motors require characteristics 
somewhat different from those required in machine tool 
drive, the requirements being more similar to those 
required for centrifugal pump drive, in which the load 
Increases as the speed rises. The types of motors used 
for constant and adjustable speed service, and the con- 



trol methods, as well as the horsepower required, are 
subjects dealt with in the paragraphs on MoUfr Drioe far 
Pans and Blowers, Vol. lU, p. 108. 

Electric Drive for Pomps. — The economy with which 
electric energy can be generated and transmitted and 
the high operating efficiency of the electric motor, its 
adaptability for intermittent pumping operation, the 
flexibility of location, and the small floor space required 
are some of the important advantages of electric motor 
drive for pmnps and pumping installations. Centrifugal 
pumps are especially adapted to be direct-connected to 
an electric motor, and this is a common method of 
driving this class of pumps. Motors are also used for 
driving reciprocating pumps, but these being of a slow- 
speed type require slow-speed motors, if direct-connected. 
Frequently, however, the motors are connected to the 
pumps by belts, gearing, or chain drives. A review of 
the different kinds of motors required for different kinds 
of piunps, and the horsepower of motors for pumping a 
given amount of water against a known head, are treated 
in the paragraphs headed Methods of Driving Pumps, 
Vol. V, p. 208, in the general article on Pumps. 

Electric Brakes. — In addition to the use of electric 
motors for cranes and hoists, the electric current is ap- 
plied to hoisting devices for braking piuposes, electric 
brakes being important auxiliaries in the proper opera- 
don of hoisting appliances. There are a number of 
different kinds of electric brakes which are dealt with in 
the article Brakes, Electric, Vol. I, p. 488. 

Electric Lighting. — One of the earliest, and, for 
many years, one of the most extensive applications of 
electric current was for electric lighting. In the early 
days, arc lamps were used almost exclusively when high 
candlepowers were required, but of recent years incan- 
descent as well as special types of lamps have been 
developed, and arc-lamp lighting is, at present, used to 
a comparatively small extent, except in existing installa- 
tions. The rapid development of electric lighting is one 
of the most remarkable signs of the progress in the 
application of electricity. The convenience with which 
wires may be strung for convejring electric energy, as 
compared with the arrangement of piping for conveying 
gas for lighting purposes, is apparent to anyone. The 
Encyclopedia does not deal in great detail with this 
phase of electrical engineering, as it may be considered 
as being somewhat outside of the field of this work. 
Nevertheless, it contains sufficient material on this 
subject to give the student of electricity and its applica- 
tions a comprehensive treatise on the different kinds of 
electric lamps used, their efficiency and application, 
together with a brief review of the problems presented in 
the distribution of electric current for lighting purposes 
These subjects are dealt with in the article on Electric 
Lighting, VoL II, p. 544. In addition, the Encyclo- 
pedia contains articles on special types of electric lamps 
which have been developed from time to time to meet 
the needs for better or more economical means of using 
the electric ciuTent for lighting purposes. Among these 
lamps are the Nernst Lamp, Vol. IV, p. 487; the Moore 
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Tube Light, Vol. IV, p. 430; and the Mercury Vapor 
Lamp, Vol. IV, p. 347. 

Applicatioii of Blectridty in Electrometallurgy. — The 
application of electricity to eiectrometalluxgy has only 
just begun. It is safe to say that, in the future, dectric 
energy wHl be used to an ever increasing extent in 
extracting metals from their ores. The electric energy 
is used in metallturgy in the application of either electro- 
lytic methods — that is, where metals are deposited by 
means of chemical compounds; or in electrothermal 
methods — in which the metals are obtained by means 
of the heat produced in dectric furnaces. A brief review 
of the subject of dectrometallurgy and its subdivision 
into dectro]3rtic and dectrothermal methods is given in 
the artide on Electrometallurgy, Vol. in, p. 41, 
which should be read first in order to obtain a perspective 
of the use of dectridty for dectrometalliugical purposes. 
The details of dectrolytic processes are dealt with more 
completdy in the section on Electrolytic Refining of 
Metals, Vol. Ill, p. 33, in which the refining of copper, 
silver, gold, and lead is dealt with. The dectrolytic 
refining of copper has become one of the important 
processes in the production of copper. Enormous quan- 
tities of copper are now produced in this- manner. Four- 
fifths of the copper produced in the United States is 
refined by dectrolytic methods, and when it is considered 
that the United States furnishes more than one-half of 
the world's supply of copper, the significance of these 
figures becomes apparent. Great quantities of dectric 
current, therefore, are used in this industry alone. 

In the dectrothermal methods for obtaining the metals 
from their ores, dectric furnaces are used. The dectric 
furnaces employed for metallurgical purposes are mainly 
of the arc or induction tjrpe. Resistance furnaces are 
also used to a limited extent for metals which mdt at a 
reasonably low tempierature, but, otherwise, resistance 
furnaces are mainly employed for heating purposes only, 
as in the hardening and tempering of sted. Ellectric 
furnaces both for the refining of metals and for the heat- 
ing and mdting of metals are dealt with in the section 
Furnaces, Electric, Vol. Ill, p. 240. A study of the 
characteristics of the dectric current in the section 
Electricity and Magnetism, Vol. II, pp. 527-535, 
indusive, is required in order to fully understand the 
section dealing with dectric furnaces. 

Electroplating. — Another important fidd in which 
the dectrolytic action of dectridty is used is in ekckro- 
tiating — that is, the deposition of one metal on the 
surface of another by passing an dectric current through 
a solution in which the metal to be coated is immersed. 
Electroplating is one of the valuable arts that has been 
devdoped to a remarkable degree during the last half 
centiuy. By means of this process, it is possible to 
obtain all the advantages of the so-called noble metals — 
gold, silver, and platinum — for nearly all purposes for 
which these would be used, without the necessity of 
making the whole object from these expensive metals. 
Properly plated artides of cheaper metals or alloys have 
the same appearance and the same resistance to corro- 



sion in the air or in the presence of certain adds, as 
objects made entirdy from the more expensive metal, 
and, when the deposited coating is suffidently heavy, the 
durability of objects so treated meets all reasonable 
requirements. Hence, the dectroplating process has 
furnished to the world one of the most valuable proc- 
esses in the economical use of the more costly metals. 
Plating, however, is by no means confined to gold, silver, 
and platinum. Practically any metal can be deposited 
on another metal by means of electroplating, for the 
purpose of improving the appearance of the metal 
covered, or its wearing qualities, or both. Nickd, which 
has remarkable qualities for resisting corrosion in the 
atmosphere, is frequently deposited upoi^other metals. 

The artide Electroplating, Vol. m, p. 41, covers, 
specifically, nickd-plating, cobalt-plating, iron-plating, 
tin-plating, copper-plating, brass-plating, zinc-plating, 
silver-plating, gold-plating, platinum-plating, and palla- 
diimi-plating, giving in each case the baths that are 
required and general directions for the work. This 
section will be found usdul both for study and for 
reference purposes. The dectroplating of aluminum has 
been considered difiicult, if not impossible. A method 
claimed to be successful, if properly carried out, is ex- 
plained in the brief article Electroplating Aluminum, 
Vol. ni, p. 47. This subject is also referred to in the 
paragraph Aluminum Pickling Bath, Vol. Ill, p. 43. 
The dectroplating of zinc-iilloy die-castings, which has 
become an important part of the dectroplating industry 
since the die-casting process has been so highly devdoped, 
is covered in the artide Electroplating Zinc-alloy 
Die-castings, Vol. ni, p. 48. This artide deals with 
the copper-plating, brass^plating, nickd-plating, silver- 
plating, and gold-plating of die-castings. Electro- 
typing, Vol. ni, p. 49, is a special application of the 
dectroplating process in the printing industries. The 
method of dectrotyping is one of the earliest applications 
of the dectric current, it having been discovered about 

1837. 

Eleetrdysis and its Mitigation. — While the electric 
current is one of the most valiiable aids in modem life, 
its effects are not always beneficial. The action of the 
dectric current in some instances becomes difiGicult to 
control, and its effects are destructive. The corrosion 
of metal work in the earth or in structures, due to stray 
currents of dectric energy, is known as ekdrolysis. 
Since the devdopment of dectric railroads, dectrolysis 
has always caused more or less trouble, and is a subject 
to which a great deal of attention has been given during 
recent years. A comprehensive review of the subject 
of dectrolytic corrosion and means that have been 
adopted for its mitigation, as wdl as a study of the 
effectiveness of these means, will be found in the artide 
on Electrolysis, Vol. in, p. 28. This subject is one 
of great importance to the dectrical engineer engaged in 
power plant and substation work, dectric railway work, 
or in dvil engineering work having to do with the dis- 
tribution of water and gas piping through streets or in 
areas in the vicinity of dectric railways. 
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Electric Shock and Care of Electric Bums. — The 

danger of electric currents to the human body, if a current 
of sufficiently high voltage and amperage should pass 
through the body as a conductor, is quite generally 
realized, but comparatively few know what to do in such 
an emergency. The result of such an accidental contact 
with an electric current is generally known as an electric 
shock. Everyone who works around electric machinery, 
electric conductors, or machines driven by electric power 
should have an elementary knowledge of what to do in 
case of an accident, so that a victim subjected to an 
electric shock could be revived, which can usually be 
done by the prompt and continued use of artificial 
respiration. The Encyclopedia, therefore, contains an 
article on Electhic Shock, Vol. in, p. 26, which gives 
specific and detailed rules on how to proceed in case of 
an accident. This article cannot be used for reference, 
because there is no time to refer to the printed page when 



an accident has occiured. It is quite important that 
everyone should read and study the directions there 
given, so that he would know immediately, in case of an 
accident, how to proceed. The article also gives direc- 
tions for the first care of electric bums, which, if possible, 
should be attended to immediately, even though a doctor 
is called in to take care of the bums. Electricians 
usually recognize the great danger attendant upon the 
use of electric current, but operators of machine tools 
driven by electric motors do not alwa3rs fully appreciate 
the dangers from exposed wires or from machines that 
have become charged, and too much stress cannot be laid 
upon this point. In repairing or adjusting electrical 
apparatus, safety should not be taken for granted, but 
before working on the mechanism, the switch which 
shuts off the electric ourent should always be thrown, 
and preferably locked, so that the circuit cannot be 
accidentally closed. 



PUMPING, HYDRAULIC, AND PNEUMATIC MACHINERY 



HTHE use of mechanical means for elevating water to 
a higher level dates back to ancient times. A primi- 
tive form of pump used for raising water from deep weUs 
for land irrigation consisted of an oxhide bucket or bag 
of funnel shape, open at both the large and small ends. 
This bag, after being filled with water, was raised by 
oxen, the connecting ropes attached to each end being so 
arranged that the spout or small end of the bag stopped 
at the brink of the well while the remaining part was 
raised high enough to discharge the water. Among 
other primitive forms of ptunping machinery may be 
mentioned the bucket wheels described by Vitmvius, a 
Roman engineer and architect about the beginning of the 
first century. These wheels or circular frames were 
equipped with buckets and, when revolved by the motion 
of a stream, water was carried upward by the succession 
of buckets and discharged into a trough. An endless 
chain of buckets passing over a revolving sprocket wheel 
is another ancient type of pumping device, and many 
hand-operated pumps of the present day operate on this 
principle. The invention of the steam engine and the 
development of the manufacture of iron and steel pipes 
have resulted not only in the production of pumping 
machinery capable of rapidly elevating and conveying 
vast quantities of water or other liqmds, but also in the 
use of water or other liquids under pressure for operating 
many forms of mechanisms. 

The tise of air or "pneumatic'' devices as a means of 
transmitting energy has been known for centuries, but 
its application to practical work is quite recent; in fact, 
its use began about 1861 in connection with the constmc- 
tion of the Mount Cenis tunnel through the Alps between 
France and Italy, which is nearly eight miles long. Rock 
drills operated by compressed air were introduced after 
working four years entirely with hand labor; the result 



was that an average progress of nine inches per day on 
each side of the tunnel was increased to approximately 
four feet per day. At a later period, compressed air was 
applied to mining work. In 1869, George Westing^ouse 
invented the "straight air brake," for use on railway 
trains, which later was superseded by the "automatic 
air brake" which is now one of the most important 
applications of compressed air. The transmission of 
power by compressed air is also applied, at the present 
time, in a great many manufacturing industries, although 
this method has been replaced by the use of electricity 
for certain classes of work. 

Pumping Machinery. — The study of pumping ma- 
chinery may be divided into two general divisions — one 
induding the pumps proper, and the other the means of 
driving them. In considering the pump, or that part of 
the machine designed either to elevate or convey liquids, 
or to exhaust air or gases from closed vessels, it is im- 
portant to understand the physical laws which govern 
the action of liquids and gases when subjected to pressure, 
changes of temperature, etc., as well as the details of 
piunp construction. This point may be illustrated by 
a simple incident in the experience of a "trouble man" 
employed by a builder of pumping machinery. The 
suction valves of a high-pressure pump had given con- 
siderable trouble, evidently due to a leak through the 
valves on the discharge stroke, as indicated by a hissing 
sound when the pump was in motion. The excessive 
leak, however, had not occurred until a new set of valves 
made by a local mechanic had been installed. These 
valves were of the poppet type and on top of each there 
was a guiding stem that was a sliding fit in a hole drilled 
in a cap above. On the original valves made by the 
mantifacturer, the stems were fluted so that air would be 
admitted to the space above them. On the new valves 
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these flutes were omitted, with the result that they 
closed so slowly, owing to the partial vacuum formed 
above the valve-stems during their descent, that there 
was considerable discharge through the valves during 
part of the discharge stroke. This incident is referred 
to merely to show that a Httle elementary knowledge of 
physics, or of some other subject which may be indirectly 
related to a certain branch of mechanical work, is often 
of greater help to the machinist or engineer than practical 
mechanical training. The section on Puicps, Vol. V, 
p. 183, explains the principles governing pump operation 
and includes detailed descriptions of the more important 
types, together with formulas and general information 
relating to pimip design. 

Hydraulic Jacks and Presses. — The most powerf id 
of the jacks used for lifting heavy loads are hydraulically 
operated, whereas many of the smaller jacks of the type 
used for comparatively light work are equipped with a 
screw. The principal types, as well as other less im- 
portant designs, are described in the article on Jacks, 
Vol. IV, p. 87, which includes general information on 
hydraulic jack defects, the care of hydraulic jacks, and 
the methods of repairing them. 

Presses of the type used primarily for supplying great 
pressure are also hydraulically operated. These hydrau- 
lic or hydrostatic presses are applied in many different 
wa3rs either in connection ¥dth forging operations, draw- 
ing sheet metals, the assembling of tightly fitting machine 
parts, or wherever a slow powerful movement is essential. 
Hydraulic press construction and design is dealt with in 
Vol. rv, p. 34. (See also Accumulators, Hydraxtlic, 
Vol. I, p. 13.) 

Air Compressors. — Air, when compressed by a ma- 
chine designed for that purpose and stored in a tank, 
represents accumulated energy, and when the air is 
conveyed through pipes to mechanical devices adapted 
to pneumatic operation, it provides a convenient method 
of transmitting power. The compressing machine, or 
''air compressor," is arranged to receive the air at the 
ordinary atmospheric pressure and serves to increase this 
pressure according to requirements. Compressors differ 



in the arrangement and method of (43erating the valves 
that control the admission and discharge of air to and 
from the air cylinder, and also in the manner of driving 
the compressing member. Typical designs are described 
in the section on Air Compressors, Vol. I, p. 31, which 
also deals with the applications of compressed air and 
air compressor computations. In conjunction with this 
subject, the article on Air Compression, Vol. I, p. 30, 
should also be studied to obtain a dear understanding of 
the laws and principles governing air compression. The 
following articles also have a direct bearing on this 
general subject: Ant, Vol. I, p. 27; Gases, Vol. HX, 
p. 307; Atmospheric Pressure, Vol. I, p. 150; Ant 
Receivers, Vol. I, p. 58; Ant Storage Tanks, VoL I, 
p. 59; Inixrcoolers for Air Compressors, Vol. IV, 
p. 68; and Ant Compressor Testing, Vol. I, p. 47. 

Pneumatic Tools. — One of the most valuable pneu- 
matic tools in use at the present time is the pneumatic 
hammer. This tool is indispensable in structural work 
for riveting, and in boiler work for riveting, chipping, 
calking, etc., and it is also very useful in many machine 
shops and other manufacturing plants. (See Pneu- 
matic Hammers, VoL V, p. 121.) Some of the larger 
power hammers used for forging operations are also 
driven by compressed air. (See VoL lU, p. 500.) An- 
other important application of compressed air in ma- 
chine shops is in its use for driving portable drilling 
machines of the type described in Vol. V, p. 120, 
and also for operating hoists of the kind referred to in 
VoL IV, p. 28. 

Fans and Blowers. — Fans are used in shops and 
factories either for producing a strong outward current 
of air for exhausting fine particles of dust from grinding 
and polishing wheeb, woodworking machines, etc., or for 
supplying a low pressure of air for artificial drafts 
for boilers, etc. Different types of fans and the prin- 
ciples of fan design are dealt with in the section on Fans, 
VoL ni, p. 102. Blowers, VoL I, p. 383, are designed 
to supply low air pressures and range in size from the 
small fan-shaped type to the large blowing engines used 
in blast furnaces. 
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^UL/HILE the Encyclopedia is intended to deal 
principally with the mechanical problems met 
with in drafting-rooms and machine shops, and to 
impart such information as is necessary for the solution 
of these problems, some branches of machine shop 
organization and management are so dosdy related to 
manufacturing that they should not be excluded from a 
work of this kind. No attempt has been made to cover 
the business side, the cost keeping, or the sales depart- 
ment of industrial organizations, but articles have been 
included on the problems of management which relate to 
the mechanical departments of a shop or factory. Many 
of these problems are so closely interwoven with engineer- 
ing work that only an engineer is fully qualified to deal 
with them, and for that reason they have a proper place 
in a mechanical engineering encyclopedia. In order to 
present a general review of the subject of management, 
a broad outline of the functions of industrial manage- 
ment and the different types of management in vogue 
has also been included. 

Principles of Industrial Management. — The prin- 
ciples of industrial management, as far as these pertain 
particularly to the work of the engineer, are dealt with 
in the section on Manageicent, Vol. IV, p. 310. This 
article outlines the three more or less distinct classes of 
management in general use — the so-called *' conven- 
tional" or ''unsystematized" management; ''systema- 
tized" management; and "scientific" management, the 
latter being a development of recent years. The condi- 
tions obtaining under these t3rpe8 of management and 
the methods used in each are briefly described, in order 
to give the student of this subject a broad and compre- 
hensive view of the functions of industrial management, 
the duties of the administrative dq>artment, and the 
methods by means of which these duties are discharged. 
Particular stress has been laid in this article upon scien- 
tific management, as this system, when properly applied, 
is doubtless superior to any other. Serious objections 
have been raised to scientific management, but most of 
these are due to a misunderstanding of the principles 
involved. The more important of these objections are 
also dealt with. (Vol. IV, p. 315.) 

Special articles on some of the phases of scientific 
management appear under specific headings in different 
volumes of the Encyclopedia. One of the fundamental 
methods on which scientific management is based is that 
of Pme study, the principles of which are outlined in a 
brief article on this subject in VoL VI, p. 287. The wage 
83rstems used imder scientific management are of the 
highest importance, and many of the failures of the 
system have been due to a lack of recognition of this 
important factor. The bonus system, which is the 
system of paying wages under scientific management, is 



outlined in an artide on this subject, in Vol. I, p. 456, 
and different kinds of wage systems in general use are 
dealt with in the artide Wage Systems, VoL VI, p. 441. 

General Prindplaa of Cost Estimating. — One of the 
important details of industrial, management is that of 
preparing a satisfactory system for the estimating of 
costs of machines and devices to be built. The work of 
cost estimating is dosdy allied with the engineering 
work, because it is impossible for any one not thoroughly 
familiar with the mechanical processes to accuratdy 
estimate the cost of building a wiarhinA the design of 
which is still on psper. The methods of cost estimating 
differ greatly, but here, as in other phases of administra- 
tive work, there are a few fundamental prindples that 
may be laid down and which, if followed, will make it 
possible to devise a system of cost estimating which will 
prove successful. These prindples are dealt with in 
the artide on Cost Estdcating, Vol. n, p. a2o. 

Appraisal of Manuf actoiing Plants. — Another duty 
of the management — often neglected — is that of 
making an accurate appraisal of the value of the plant 
from time to tune. Without such an appraisal being 
made, the finandal side of the operation of the shop is 
often based on erroneous assumptions and the assets of 
the plant are likdy to be overestimated. Appraisals are 
also necessary for fire insurance and in cases where used 
machines or plants are bought or sold. The methods 
used in the appraisal of machine tools and manufacturing 
plants generaUy are dealt with in Appraisal of Manu- 
FACrusiNG Plants, Vol. I, p. 104, and some tabulated 
data relating to the depreciation of machinery and 
buildings which is useful when making appraisaJs will 
also be found in. the artide on Depreciation, Vol. 11, 

p. 305. 

Systems for Productive Departments. — It is not 
within the scope of an encyclopedic work to describe in 
detail different kinds of shop systems. Were it possible 
to adapt one system to all, or at least a great number of 
industrial undertakings, it would be worth while to de- 
scribe a system in detail, but no shop system is applicable 
in its entirety to any other shop, except one manufac- 
turing exactly the same kind of machinery, under the 
same conditions, and in the same quantities, which is a 
most unusual case. Hence, the Encyclopedia does not 
indude detaOs of shop systems, but explains the broad 
underlying prindples with which every executive and 
engioeer in the mechanical industries should be familiar. 
The artide on Production Systems, VoL V, p. 165, 
outlines the prindples of organization, the methods of 
liftnHling orders and preparing lists for materials reqiured 
in the shop, the routing of the work through the shop, 
the ordering of material for the shop, the following-up 
of ordered material, and the records kept of articles 
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manufactured for stock. No system is outlined which 
would be directly applicable to any one shop, but 
principles are laid down which either directly or with 
modifications are applicable to all shops. The student 
of management will obtain a better perspective of the 
principles involved when the subject is dealt with in this 
manner. 

The stock-keeping is so important a part of the suc- 
cessful management of an industrial undertaking that a 
special article on this subject has been prepared, outlin- 
ing the principles that must be taken into consideration 
in organizing a stock-keeping department for a medium 
size or large plant. (See Stock-keeping, Vol. VI, p. 74.) 

Specilic Systems and Methods. — There are some 
departments in a marhine shop in which the woik done 
is of a nature which can be more thoroughly standardized 
than the work in other departments, and for which rules 
and systems may be laid down which are of more general 
application than would be the systems for other depart- 
ments. One of these departments is the drafting-room. 
It is possible to lay down in greater detail the principal 
requirements of a drafting-room system than it would 
be to outline a shop system in the same manner. This 
subject is, therefore, dealt with in a section by itself imder 
Dkaftino-rooic Systems, Vol. 11, p. 398. 

Another of the departments in the shop for which a 
definite system may be laid down, which would be 
applicable to the great majority of shops, is the tool- 
supply room from which the operators obtain special 
tools used in the manufacturing operations. Check 
systems are used for these tool-rooms, based generaUy 
on the principle that the operator hands the tool-room 
stock-keeper a check in rettun for the tool given to him. 
There are a number of these check systems, some suitable 
for small shops while others are better adapted to larger 
plants. These are described in the article Check 
Systems eor Tooi>kooms, Vol. II, p. 91. 

Packing of Machinery for E^iort — A department 
that is often neglected as far as the personal attention of 
the management is concerned is the shippiog department. 
It is assiuned that the mere packing of machinery and 
machine details into boxes or crates requires no special 
skill or attention. This may be true in the case of smaller 
machines and tools, especially when packed for the 
domestic trade only. When packing machinery for the 
foreign trade, however, the packing requires considerable 
attention, and, unless properly handled, many difficidties 
will be met with that could easily have been avoided. 
The requirements in the packing of machinery for export 
are much more severe than those for the domestic trade. 
There are various requirements in the marking of the 
boxes or crates that must not be neglected if serious 
delays at the foreign port of entry are to be avoided. 
The article Packing Machine&y for Export, Vol. IV, 
p. 518, outlines in considerable detail the methods that 
should be adopted in order to avoid the difficulties that 
are otherwise certain to be encountered. This article 
describes the preparation of machines, the protection of 
finished surfaces, the packing cases, and the methods of 



marking. Different countries require somewhat differ- 
ent markings on shipments of this character, so that, in 
addition to the information given in the article referred 
to, it is wdl to obtain from the Department of Commerce 
definite information as to the specific nuurking required. 

Patents and Patentable InventiMis. — The subject of 
patents is one with which the engineering side of the 
management of an industrial imdertaking must fre- 
quently deal. There are a number of questions that may 
seriously influence the conditions under which an in- 
dustrial plant will operate. Not only are there a number 
of problems in connection with the obtaining of patents 
for machines or devices that are developed within the 
plant, but it is also important to avoid infringement of 
other existing patents, and to understand properly the 
rights of Inventors and patent rights between employer 
and empbyee. These subjects are dealt with in con- 
siderable detail in the article on Patents, Vol. IV, p. 523. 

Indiistriai Publication Department — Another part 
of the work in connection with the proper management 
of an industrial plant relates to the publicity given to the 
machines and devices built. In the Encyclopedia, that 
part of the publicity which relates to advertising and 
which may be considered as a business problem, pure and 
simple, has not been dealt with, but there is another 
important phase of the publicity department, relating 
to the technical description of machinery and devices 
which are published either in catalogues or in the reading 
pages of engineering and trade journals. These de- 
scriptions, in order to be intelligible and of value to other 
engineers and mechanics, must be prepared by the 
mechanical dqiartment. The engineer naturally has 
little or no experience along these lines, but a few guiding 
principles may be obtained from Articles eor Pubu- 
CATiON, Vol. I, p. 126. In the preparation of catalogues, 
standard sizes are now generally adopted, these standard 
sizes being specified in the section Catalogues, VoL II, 
p. 35. In preparing matter for publication, whether in 
engineering journals, trade papers, or catalogues, half* 
tone illustrations made from photographs are an impor* 
tant item. Industrial photography, or the making of 
photographs in shops and factories, often requires special 
methods. This work can often be done satisfactorily by 
an amateur, after he has obtained a certain amount of 
experience, especially if approved methods are followed 
from the beginning. In a great number of shops through- 
out the country, the photographing of machines and 
devices for publication purposes is done by some man in 
the organization detailed to do this work — quite fre- 
quently a draftsman. In the larger plants, an industrial 
photographer who devotes all his time to this kind of 
work is employed. The subject of photography in con- 
nection with the proper presentation of machinery in 
published nutterial is so important that a very compre- 
hensive treatise on this subject has been included in the 
Encyclopedia under the heading Photography, In- 

DXTSTRIAL, Vol. V, p. 12. 

Prevention of Industrial Accidents. — The prevention 
of accidents in shops and factories received but little 
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attention until a few years ago. At that time, however, 
there was a general awakening to the enormous economic 
loss due to the thousands of industrial accidents that 
occur daily throughout the coimtry. The causes of 
accidents were investigated and organized efforts have 
been made by many large corporations to eliminate 
preventable accidents as far as possible. The poHcies 
that are to be adhered to with regard to the prevention 
of accidents are determined by the management, but it 
falls upon the engineer to carry out the measures in a 
proper way. The causes of accidents and the general 
means for their prevention are comprehensively dealt 
with in the article on Accident Prevention, Vol. I, p. 7, 
and the mechanical features in connection with the design 
of guards for dangerous machine parts, in the article on 
Safeguabds for Machine Tools, Vol. V, p. 301. 
Dangers to workmen's eyes, especially when working at 
grinding machines, are dealt with in Eye Protection 
IN THE Industries, Vol. in, p. 90. Dangers in connec- 
tion with electrical machinery and the methods for 
restoring a victim of such an accident by artificial res- 
piration is treated in the section Electric Shock, Vol. 
in, p. 26. Finally, the general emergency methods 
adopted for fire protection in factories are outlined in 
Fire Protection in Factories, Vol. Ill, p. 143, and 
in Spontaneous Combustion, Vol. V, p. 479. 

Mechanical Education of Apprentices. — Recent years 
have proved conclusively the absolute need for organized 
efforts in the education of apprentices, so that the supply 
of skilled workmen may be kept normal and great enough 
to meet the demands of the industries. Therefore, one 
of the important problems in connection with the man- 
agement of every industrial organization is to provide 
means whereby a sufficient number of young men may 
be properly trained in the mechanical trades. The old- 
time apprentice system has not proved adaptable to 
modem conditions without some modifications. Special 
apprentice schools have, therefore, been established by 
the larger organizations, and co5perative methods have 
been adopted by manufacturers whose plants are too 
small to warrant the establishment of an independ- 



ent apprentice school. Trade schools also have been 
established for the teaching of mechanical trades. 
Every student of industrial management must be 
familiar with what has been done along these lines, and 
will find a comprehensive review of the subject in the 
artide Apprenticeship Systems, VoL I, p. 107, and 
Trade Schools, Vol. VI, p. 302. These articles contain 
suggestions that may be adopted in case similar institu- 
tions are plaimed. 

Location and Design of Factory Buildings. — A phase 
of industrial management that requires the advice and 
judgment of the engineer more than that of the general 
business or sales department is the planm'ng of new 
factories or additions to existing plants. Space, there- 
fore, has been given in the Encyclopedia to articles of 
a general nature that would assist the mechanical 
engineer in planning factory buildings. Much of the 
work in connection with such planning, especially in 
the case of additions to existing plants, falls upon the 
mechanical organization of the plant. A draftsman or 
engineer is often detailed to make the preliminary survey 
for the intended addition, or, in the case of a new plant, 
an engineer is required to present a report to the manage- 
ment which necessitates a preliminary survey. An 
article on Surveying for Shop Construction, Vol. VI, 
p. 129, outlines the elementary principles required in 
work of this kind. The article on Factory Buildings, 
Vol. in, p. 94, deals with the location and design of these 
bxiildings; describes the different types of factory build- 
ings, outlining the advantages of each; presents a con- 
densed outline of the data required for planning shops; 
and contains an example of a well-designed shop, indi- 
cating the method that the engineer would follow in 
planning an industrial plant. Special articles relating 
to details in shop construction that should be studied 
in this connection are Drafting-room Lighting, Vol. 
II, p. 396; Floors por Machine Shops, Vol. in, p. 157; 
and Foundations for Machinery, Vol. m, p. 205. 
In connection with the article on foundations for ma- 
chinery, data for concrete foundations will be obtained 
from the article Concrete, VoL n, p. 172. 
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